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I N T R O D U C T I O N  
GROWTH and DECLINE o f  LIMING PRACTICES
S in c e  t h e  v e r y  e a r l i e s t  days  o f  h u s b a n d r y  i t  
h a s  b e e n  o b s e r v e d  t h a t  some s o i l s  m ore t h a n  o t h e r s ,  f a v o u r
the g ro w th  o f  c e r t a i n  p l a n t s .  The m ore r e a d i l y  a s o i l  
s u p p o r t e d  p l a n t s  o f  v a l u e  t o  man -  e i t h e r  d i r e c t l y  a s  
human fo o d  o r  i n d i r e c t l y  a s  f o r a g e  f o r  h i s  d o m e s t i c  
a n im a ls  -  t h e  b e t t e r  h e  r e c k o n e d  t h a t  s o i l  t o  b e .  Thus 
we g e t  t h e  b e g i n n i n g s  o f  t h e  d i f f e r e n t i a t i o n  o f  s o i l s  
a c c o r d i n g  t o  w h e th e r  t h e y  y i e l d  r e a d i l y  w h a t  man r e q u i r e s  
o r  o n l y  s u p p l y  h i s  n e e d s  s p a r i n g l y  o r  n o t  a t  a l l .
I t  e a r l y  became a p p a r e n t  t o  t h e  p r i m i t i v e  a g r i ­
c u l t u r i s t  t h a t  e v e n  g ood  s o i l s  d i d  n o t  a lw ay s  y i e l d  
c o n s i s t e n t l y  b u t  g a v e  r e t u r n s  m ore o r  l e s s  d e p e n d in g  o n  
th e  th o r o u g h n e s s  w i t h  w h ic h  t h e  l a n d  was t i l l e d ,  a n d  as 
e a r l y  c u l t i v a t i o n s  w ere  p e r f o r m e d  b y  h a n d  t h e  t e r m  “m anure"  
came t o  b e  p r a c t i c a l l y  synonomous w i t h  ‘’t i l l a g e 11. I n  t h i s  
i s  s e e n  t h e  f i r s t  r e c o g n i t i o n  o f  th e  im p o r t a n c e  o f  s o i l  
’’s t r u c t u r e ” . U n d o u b te d ly  e a r l y  c u l t i v a t o r s  w o u ld  q u i c k l y  
a p p r e c i a t e  t h e  d i f f e r e n c e s  i n  s o i l s  d u e  t o  t h e  d i f f e r e n c e s  
i n  t e x t u r e .  The c o h e s i o n  o f  t h e  p a r t i c l e s  and  t h e  r e ­
t e n t i v e n e s s  o f  m o i s t u r e  o f  v e r y  f i n e  t e x t u r e d  s o i l s  a s  
a g a i n s t  t h e  g r e a t e r  f r i a b i l i t y  and d r y n e s s  o f  t h o s e  o f
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c o a r s e  t e x t u r e  a r e  q u i c k l y  made m a n i f e s t  t o  t h e  w o r k e r ,  
i n  th e  g r e a t e r  a n d  l e s s  e f f o r t s  r e q u i r e d  to  p ro d u c e  a 
d e s i r a b l e  “ t i l t h " . To t h i s  d a y  t h e  p r a c t i c a l  man 
d i f f e r e n t i a t e s  s o i l s  a s  " h e a v y ” o r  " l i g h t ” , h a v in g  i n  
m ind  t h e  c u l t i v a t i o n s  r e q u i r e d .  M easu rem en ts  i n  u n i t s  
o f  w e ig h t  p e r  u n i t  volum e o f  c o u r s e  r e v e r s e  t h e  t e r m s .
B ut w h i l e  t e x t u r e  i s  an  i n h e r e n t  and  u n a l t e r ­
a b l e  c h a r a c t e r i s t i c  o f  a s o i l ,  d e p e n d in g  on t h e  a v e r a g e  
s i z e  o f  t h e  p a r t i c l e s ,  s t r u c t u r e ,  w h ic h  d e p e n d s  on  t h e  
a r r a n g e m e n t  o r  g r o u p in g  o f  t h e  p a r t i c l e s ,  i s  n o t .  I t  
may be  im p ro v e d  o r  i m p a i r e d  v e r y  m a t e r i a l l y  b y  j u d i c i o u s  
o r  i n j u d i c i o u s  t r e a t m e n t .  The a r t  o f  t i l l a g e  -  t h e  
p e r f o r m in g  o f  t h e  c o r r e c t  o p e r a t i o n ,  t o  t h e  b e s t  e x t e n t ,  
i n  t h e  m ost a d v a n ta g e o u s  s e a s o n  and w e a t h e r  f o r  t h e  
p a r t l o u l a r  t y p e  o f  s o i l  -  c o u ld  o n ly  be a c q u i r e d  by 
husbandm en  as  t h e  r e s u l t  o f  l o n g  g e n e r a t i o n s  o f  e x p e r ­
i e n c e  and th e  h a n d in g  down o f  th e  a c c u m u la t e d  k n o w le d g e .  
Many p r a c t i c e s  th u s  becam e t r a d i t i o n a l  and  c o n t i n u e d  
w i t h o u t  q u e s t i o n  o r  a l t e r a t i o n  to  m o d em  t i m e s .  The 
m a j o r i t y  o f  men d e r i v i n g  t h e i r  l i v e l i h o o d  f ro m  t h e  l a n d  
h av e  i n  m o s t  a g e s  l i v e d  t o o  c l o s e  on  th e  m a r g in  o f  s u b ­
s i s t e n c e  to  t a k e  t h e  r i s k  a t t e n d a n t  on i n n o v a t i o n s .
I t  h a s  r e m a in e d  to  m odern  s c i e n c e  to  q u e s t i o n  
t h e  v a l i d i t y  o f  a n c i e n t  b e l i e f s  and  t o  p ro b e  f o r  t h e
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p r i n c i p l e s  on  w h ic h  t h e  p r a c t i c e s  r e s t .  I n d e e d ,  s c i e n c e  
i s  so  young a n d  a g r i c u l t u r e  so  o ld  t h a t  much o f  t h e  i n ­
v e s t i g a t i o n  c o n d u c te d  o f  l a t e  y e a r s  i n  so  f a r  a s  i t  h a s  
b e e n  c o n c e r n e d  w i t h  a g r i c u l t u r e  h a s ,  o f  n e c e s s i t y ,  b e e n  
d i r e c t e d  t o  t h e  e x p l a i n i n g  an d  a p p r o v in g  o r  condem ning  
o f  p r o c e s s e s  and  b e l i e f s  o f  l o n g  s t a n d i n g .  I t  i s  
r e m a r k a b le  how w e l l  many o f  t h e s e  s u r v i v e  t h e  m ost 
c r i t i c a l  e x a m i n a t i o n .
E ven  th o u g h  c u l t i v a t i o n s  a r e  c a r r i e d  o u t  t o  
t h e  b e s t  o f  p r e s e n t - d a y  m a n 's  a b i l i t y ,  a i d e d  b y  t h e  
r a p i d l y  e x p a n d in g  k n o w led g e  o f  s o i l  p h y s i c s  and  t h e  
b e s t  a v a i l a b l e  im p le m e n ts ,  t h e  r e t u r n s  a r e  v e r y  d e f i n i t e  
l y  l i m i t e d  i f  no a d d i t i o n a l  t r e a t m e n t  i s  a c c o r d e d  t o  t h e  
s o i l .  Thus on  t h e  B r o a d b a lk  f i e l d  a t  R o th a m s te d  (3 8 )  
o v e r  a  p e r i o d  o f  72 y e a r s  when w h e a t  was grow n c o n t i n ­
u o u s l y  w i t h o u t  m anure  t h e  a v e r a g e  y i e l d  p e r  a c r e  was 
o n l y  1 1 .7  B u s h e l s ,  w h e r e a s ,  t h e  a v e r a g e  y i e l d  f o r  G r e a t  
B r i t a i n  (1 )  f o r  t h e  t e n  y e a r  p e r i o d  1 9 2 0 /2 9  was 3 2 .2  
B u s h e l s •
The e a r l y  a t t e m p t s  a t  c r o p  g ro w in g  c o n s i s t e d  
i n  c l e a r i n g  a p i e c e  o f  l a n d  o f  th e  w i l d  g r a s s e s  and  
o t h e r  v e g e t a t i o n  and sow ing  t h e  s e e d s  i n  t h e  u p t u r n e d  
s o i l .  Where th e  p e o p l e  w ere  o t h e r  t h a n  p u r e l y  nom adic
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t h e r e  was t h e  n a t u r a l  t e n d e n c y  t o  u s e  t h e  same p i e c e  
o f  l a n d  a g a i n  and  a g a i n  ow ing  t o  t h e  g r e a t e r  e a s e  i n  
o b t a i n i n g  a  s e e d - b e d  a f t e r  t h e  i n i t i a l  l o o s e n i n g  o f  
t h e  s u r f a c e .  B u t  t h e  l e s s o n  ( d e m o n s t r a t e d  i n  f i g u r e s  
b y  R o th a m s te d  t o  t h e  p r e s e n t  g e n e r a t i o n )  was s o o n  l e a r n e d  
t h a t  t h i s  p r o c e d u r e  q u i c k l y  l e d  t o  a d i m i n u t i o n  o f  
p r o d u c t i v i t y  and t h e  ”w i l d  f i e l d - g r a s s "  s y s te m  o f  h u s ­
b a n d r y  was a d o p t e d .  New a r e a s  o f  g r a s s  w e re  c u l t i v a t e d  
f o r  g r a i n  a n d  a s  t h e  y i e l d  d i m i n i s h e d  t h e y  w ere  a l lo w e d  
t o  r e v e r t  a g a i n  t o  n a t i v e  v e g e t a t i o n .  E r n i e  (1 4 )  s a y s ,
11 Such a  p r a c t i c e  may b e lo n g  t o  some p o r t i o n s  o f  t h e  
C e l t i c  r a c e ,  o r  t o  nom adic  s t a g e s  o f  c i v i l i s a t i o n . ”
I t  i s  unknown when man f i r s t  r e a l i s e d  t h a t  
m ore was r e q u i r e d  th a n  m ere c u l t i v a t i o n  and  commenced 
a p p l y i n g  s u b s t a n c e s  t o  t h e  s o i l  t o  i n c r e a s e  i t s  p r o d u c t ­
i v i t y .  P r o b a b ly  he  was f i r s t  im p r e s s e d  b y  t h e  g r e a t e r  
lu x u r ia n c e  o f  v e g e t a t i o n  w here  c a t t l e  d r o p p i n g s  w ere  
s c a t t e r e d ;  and  h e  w ould  o b s e r v e  t h a t  s o i l  was m ore 
e a s i l y  dug  o r  p lo u g h e d  i n  c h a l k y  d i s t r i c t s  t h a n  on 
c l a y  a r e a s .  I n  an y  c a s e ,  t h e  u s e  o f  c h a l k  o r  l im e  a s  
a n  a m e l i o r a t i v e  on s o i l s  was known i n  a n c i e n t  t i m e s .
The Roman w r i t e r  P a l l a d i u s  (3 4 )  r e c o r d s  how 
l im e  i s  made f ro m  a  h a r d  w h i t e  s t o n e  o r  T i b u r t l n e ,  o r
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dove  c o l o u r e d  r i v e r  a to n e  o r  f ro m  m a r b l e ;  and  C a to  (7 )  
g i v e s  i n s t r u c t i o n s  f o r  t h e  b u i l d i n g  o f  a  l im e  k i l n .  
P r o b a b ly  h o w e v e r ,  l im e  was n o t  much u s e d  on s o i l s  t i l l  
t h e  t im e  o f  P l i n y .  I n  h i s  S s m t e f t  N a t u r a l i s  H i s t o r i a  , 
P l i n y  (3 7 )  comments on  t h e  b e n e f i t  o f  l im e  t o  v i n e s  and  
o l i v e  t r e e s  and  a d v i s e s  t h a t  i t  b e  a p p l i e d  t o  t h e  r o o t s  
o f  c h e r r y  t r e e s  t o  h a s t e n  f r u i t  r i p e n i n g .  He a l s o  w r i t e s  
a p p r o v i n g l y  o f  t h e  c h a l k i n g  s y s te m  em ployed  b y  t h e  B e lg a e  
on  t h e i r  c o r n  f i e l d s .  M arl was unknown t o  t h e  e a r l y  
Romans i n  t h e i r  own c o u n t r y  b u t  P l i n y  h a d  l e a r n e d  o f  i t s  
u s e  b y  t h e  G reek s  and  t h e  B r i t o n s  and G a u ls .  He s a y s  
" T h e re  i s  a  way o f  n o u r i s h i n g  e a r t h  b y  e a r t h  w h ic h  h a s  
b e e n  fo u n d  o u t  i n  B r i t a i n  a n d  G au l .  I t  i s  t h o u g h t  t h a t  
t h e r e  i s  a  g r e a t e r  d e g r e e  o f  f r u i t f u l n e s s  i n  t h i s  t h a n  
i n  a n y  o t h e r .  I t  i s  a  r i c h n e s s  o f  e a r t h ,  l i k e  t h e  
k e r n e l s  i n  a n im a l  b o d i e s ,  t h a t  a r e  i n c r e a s e d  b y  f a t n e s s .  
The G reek s  h a v e  n o t  o m i t t e d  t o  m e n t io n  t h i s ;  f o r  i s  
t h e r e  a n y t h i n g  t h a t  h a s  n o t  b e e n  t r i e d  b y  them ? They 
c a l l  t h e  m a r l  l i k e  w h i t e  c l a y  " l e u c a r g i l l o n " , w h ic h  t h e y  
u s e  i n  t h e  l a n d s  n e a r  M egara ,  b u t  o n l y  w here  t h e y  a r e  
m o i s t  and  c o l d . "  E l a b o r a t i n g  on t h e  B r i t i s h  p r a c t i c e s
he c o n t i n u e s  " ..............When t h e  f i e l d  on w h ic h  i t  i s  l a i d
i s  i n  c o r n ,  i t  p r o d u c e s  no o t h e r  k in d  o f  p l a n t .  I t
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I t  l a s t s  t h i r t y  y e a r s .  I f  l a i d  on t h i c k e r  th a n  
S i g n i n i a n  p l a s t e r  commonly i s ,  i t  d e s t r o y s  t h e  s o i l  
b y  g i v i n g  i t  t o o  much r i c h n e s s . ”
A f t e r  P l i n y ' s  t i m e  t h e  s u b j e c t  o f  l i m i n g  
d i s a p p e a r s  f ro m  t h e  r e c o r d s  f o r  a  l o n g  p e r i o d .  I t  i s  
u n c e r t a i n  w h e th e r  c a lc a r e o u s  m a t e r i a l s  c e a s e d  t o  b e  em­
p lo y e d  t o  a n y  e x t e n t  f o r  s o i l  im p ro v em en t o r  w h e th e r  
t h e y  m e r e ly  e s c a p e d  t h e  a t t e n t i o n  o f  w r i t e r s .  The 
l a t t e r  i s  m ore p r o b a b l e .
W ils o n  (5 0 )  c i t e s  P e l l i s s y  a s  b e i n g  t h e  n e x t  
w r i t e r  who a g a i n  m e n t io n s  l i m e .  He ( P e l l i s s y )  i n  t h e  
e a r l y  p a r t  o f  th e  1 6 th  c e n t u r y  t e l l s  o f  h i s  own u s e  o f  
i t  i n  t h e  A r d e n n e s ,  a d v i s i n g  t h a t  i t  b e  a p p l i e d  a s  a  
co m p o s t  on m o i s t  l a n d s .  H ow ever, we d o  f i n d  a n  e a r l i e r  
r e f e r e n c e  t h a n  P e l l i s s y » s ,  f o r  i t  i s  r e c o r d e d  (1 4 )  i n  
1321 t h a t  on t h e  B e r k e l e y  E s t a t e s  l im e  was u s e d  on h e a v y  
c l a y s  o r  f o r  t h e  d e s t r u c t i o n  o f  m oss and  t h a t  t h e  v a l u e  
o f  m a r l  i n  im p ro v in g  t h e  t e x t u r e  o f  s a n d y  s o i l s  and  some 
k i n d s  o f  c la y s  h a d  b e e n  r e c o g n i s e d  i n  t h e  f o r t i e t h  y e a r  
o f  H enry  I I I .  The c o s t  h o w e v e r ,  was c o n s i d e r e d  e x c e s s i v e .  
P i t z h e r b e r t  (1 5 )  w r i t i n g  tw o  h u n d r e d  y e a r s  l a t e r  s a y s
”m a r l  i s  an  e x c e l l e n t  m a n u re ,  a n d   e x c e e d in g
c h a r g e a b l e . ”
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The kn o w led g e  o f  t h e  v a l u e  o f  m a r l i n g  and 
l i m i n g  i n  g e n e r a l ,  g r a d u a l l y  s p r e a d  and w as p r a c t i s e d  
w h ere  s u p p l i e d  w ere  c o n v e n i e n t l y  a v a i l a b l e  b u t  a n o t h e r  
two h u n d re d  y e a r s  e l a p s e  b e f o r e  we f i n d  much r e f e r e n c e  
t o  th e  v i r t u e  o f  l im e  f o r  s p e c i f i c  c r o p s .  I n  1 6 4 5 ,  S i r  
R ic h a r d  W e s to n ,  one  o f  t h e  g r e a t e s t  p i o n e e r s  o f  A g r i c u l ­
t u r e ,  i n  h i s  ”D i s c o u r s  o f  H u s b a n d r ie s  u s e d  i n  B r a b a n t  
and  F l a n d e r s ” (4 8 )  recom m ended t h a t  f o r  t h e  c u l t i v a t i o n  
o f  c l o v e r  (w h ic h  h e  was i n s t r u m e n t a l  i n  i n t r o d u c i n g  t o  
B r i t a i n  a f t e r  h i s  r e t u r n  f ro m  e x i l e )  t h e  l a n d  s h o u ld  b e  
p a r e d ,  b u r n e d  an d  l im e d .  H is  a d v i c e  a s  r e g a r d s  l i m i n g  
i s  s t i l l  a c c e p t e d  a s  so u n d .
A few  y e a r s  l a t e r  (1 6 5 1 )  H a r t l i b  (2 0 )  who a s  
E r n i e  p o i n t s  o u t  h a d  p i r a t e d  W e s to n 's  w o rk ,  l i s t s  tw e n ty  
n a t u r a l  s u b s t a n c e s  w h ic h  e x p e r i e n c e  h a d  p ro v e d  t o  b e  o f  
v a lu e  a s  m a n u re s .  T h ese  i n c l u d e  c h a l k ,  m a r l ,  l i m e ,  
" s n a g r e e t ” o r  r i v e r  s o i l  l a r g e l y  m ix ed  w i t h  s m a l l  s h e l l s  
and u s e d  e x t e n s i v e l y  i n  S u r r e y ,  a n d  s e a  s a n d  a s  em ployed 
i n  C o r n w a l l .  The l a s t  s u b s t a n c e ,  m o s t  p r o b a b l y  owed 
i t s  v a l u e  l i k e  ”s n a g r e e t ” t o  an a d m ix tu r e  o f  c a l c a r e o u s  
s h e l l y  m a t e r i a l .
W ith  a  g r a d u a l l y  i n c r e a s i n g  p o p u l a t i o n  and 
t h e  s low  b u t  p e r s i s t e n t  t r e n d  u p w a rd s  o f  t h e  s t a n d a r d
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o f  l i v i n g  a s  t h e  c e n t u r i e s  p a s s e d ,  t h e r e  a r o s e  t h e  
n e c e s s i t y  f o r  e v e r  i n c r e a s i n g  p r o d u c t i o n  f ro m  t h e  l a n d .
Now a l t h o u g h  t h e  u s e  o f  o r g a n i c  m an u res  and  m a t e r i a l s  
c o n t a i n i n g  c a l c iu m  had  b e e n  known f ro m  t im e  im m em oria l 
a n d  a l t h o u g h  a g r i c u l t u r a l  w r i t e r s  f r e e l y  recom m ended 
th e m , t h e  e x t e n s i o n  o f  t h e i r  em ploym ent was d e f i n i t e l y  
l i m i t e d  b y  t h e  s u p p l i e s  a v a i l a b l e ,  an d  o n l y  t h e  l a t t e r  
w e re  c a p a b l e  o f  much i n c r e a s e .  T h u s ,  we f i n d  i n  t h e  
1 7 t h  and  1 8 t h  c e n t u r i e s ,  l i m i n g  b eco m in g  m ore and m ore 
r e c o g n i s e d  a s  a  r e g u l a r  f a r m  o p e r a t i o n  and t h e  am o u n ts  
a p p l i e d  i n c r e a s i n g  e n o rm o u s ly .  As l a t e  a s  t h e  m id d le  o f  
l a s t  c e n t u r y  S te p h e n s  (4 4 )  w r i t e s  "On l i g h t  t u r n i p  s o i l s ,
31
some t h i n k  120 b u s h e l s  (4 ^  -  6 t o n s )  p e r  a c r e  s u f f i c i e n t ,  
w h i l s t  1 h a v e  u s e d  150 b u s h e l s  ( 5 i  -  7 ^  t o n s )  w i t h  
b e n e f i t .  I * h a v e  s e e n  a s  much a s  510 b u s h e l s  (19  -  25j§- 
t o n s )  a p p l i e d  t o  t h e  a c r e  o f  w h e a t  l a n d ,  w i t h  m a n i f e s t  
a d v a n t a g e .  B u t p e r h a p s  150 t o  240 b u s h e l s  (5 ^  -  12 t o n s )  
may be c o n s i d e r e d  a v e r a g e  q u a n t i t i e s  f ro m  t h e  l i g h t e s t  
t o  th e  h e a v i e s t  s o i l s .  On w eak m oory s o i l s ,  75 b u s h e l s  
(3  t o n s )  a r e  en o u g h  w i t h  w h ic h  t o  commence i t s  im p ro v e ­
m ent . "
I n  E s s e x  we r e a d  o f  15 c a r t - l o a d s  o f  40 b u s h e l s
x  The a p p l i c a t i o n s  e x p r e s s e d  a s  t o n s  p e r  a c r e  h a v e  
b e e n  i n s e r t e d  b y  t h e  p r e s e n t  w r i t e r .
e a c h  ( a p p r o x i m a t e l y  20 t o n s )  a s  b e i n g  a  f u l l  d r e s s i n g  
o f  c h a l k  p e r  a c r e  on c l a y  l a n d ,  w h i l e  i n  H am p sh ire  i t  
i s  s a i d , 2000 b u s h e l s  p e r  a c r e  w ere  w h e e le d  on t o  t h e  
l a n d  i n  b a r r o w s .  O b v io u s ly  on t h e  s c o r e  o f  e x p e n se  
s u c h  h e a v y  a p p l i c a t i o n s  c o u ld  n o t  b e  g i v e n  a t  v e r y  
f r e q u e n t  i n t e r v a l s .  The u s u a l  p r a c t i c e  was t o  a p p l y  
i t  a t ,  o r  n e a r  t h e  b e g i n n i n g  o f  t h e  l e a s e *  o f  t h e  f a rm  
so  t h a t  t h e  b e n e f i t s  m ig h t  b e  r e a p e d  t h r o u g h o u t  t h e  
w h o le  t e n a n c y .  I n  s p i t e  o f  t h i s ,  c a s e s  o c c u r r e d  n o t  
i n f r e q u e n t l y  to w a rd s  t h e  end  o f  t h e  1 8 t h  and  b e g i n n i n g  
o f  t h e  1 9 th  c e n t u r i e s  w h ere  i n j u r y  was c a u s e d  b y  o v e r ­
l i m i n g .
I n  1788 D ic k s o n  (1 1 )  r e m a r k s ,  "B u t w h e th e r  
t h e r e  i s  a  p a r t i c u l a r  m ethod  o f  a p p l y i n g  l im e  t o  p r e v e n t  
i t s  b ad  e f f e c t s ,  o r  w h e th e r  t h e r e  i s  a n y  way o f  m a n a g in g  
l a n d  w orn  o u t  w i t h  l i m e ,  so  a s  t o  r e s t o r e  i t  t o  i t s  
o r i g i n a l  s t a t e ,  and p r e p a r e  i t  f o r  a n o t h e r  l i m i n g ,  i s  
u n c e r t a i n .  T h ese  t h i n g s  can  b e  fo u n d  o u t  o n l y  b y  e x ­
p e r i m e n t s ;  b u t  t o  f i n i s h  t h e s e  e x p e r i m e n t s  to o  many 
y e a r s  a r e  n e c e s s a r y . "
As f a r  a s  ca n  b e  g a t h e r e d  t h e  dam age t o  t h e  
s o i l  a p p e a r s  t o  h a v e  b e e n  a  p h y s i c a l  r a t h e r  t h a n  a
x  L e a s e s ,  a t  t h e  t im e  r e f e r r e d  t o ,  g e n e r a l l y  e x t e n d e d  
to  u p w a rd s  o f  20 y e a r s .
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c h e m ic a l  o n e ,  a n d  was c o n f i n e d  t o  s o i l s  o f  a  n a t u r a l l y  
Open t e x t u r e  w h ic h  w ere  c o n t i n u o u s l y  u n d e r  t h e  p lo u g h .  
W h ile  i t  had  b e e n  l e a r n e d  b y  e x p e r i e n c e  t h a t  l i m e ,  u p  
t o  a  p o i n t ,  im p ro v e d  t h e s e  s o i l s  -  w h ic h  a s  we now know 
was p a r t l y  d u e  t o  t h e  b i n d i n g  e f f e c t  o f  t h e  c a l c i u m  
compounds on  t h e  u l t i m a t e  p a r t i c l e s  and  t h e  f o r m a t i o n  
o f  t h e  d e s i r a b l e  "crum b s t r u c t u r e ” ( 8 )  -  i t  was n o t  
s u f f i c i e n t l y  r e a l i s e d  how much t h e  d e c o m p o s i t i o n  and 
d i s a p p e a r a n c e  o f  t h e  h u m i f i e d  o r g a n i c  m a t t e r ,  w h ic h  i n  
i t s e l f  h a s  a  m o st i m p o r t a n t  c e m e n t in g  a n d  m o i s t u r e  
r e t e n t i v e  f u n c t i o n  i n  su ch  s o i l s ,  was a c c e l e r a t e d .  Thus 
t h e  h e a v y  l i m i n g  a n d  f r e q u e n t  c u l t i v a t i o n s  w i t h o u t  a n y  
c o m p e n s a t in g  o p e r a t i o n  l e d  t o  a  b r e a k i n g  down o f  t h e  
s o i l  a g g r e g a t e s  so  t h a t  t o o  g r e a t  a  l o o s e n e s s  an d  
f r i a b i l i t y  r e s u l t e d .  A l s o ,  th o u g h  we h a v e  n o t  fo u n d  
i t  m e n t io n e d  i n  t h e  w r i t i n g s ,  we h a v e  o b s e r v e d  i n  c a s e s  
o f  a p p l i c a t i o n s  o f  c a l c i u m  c a r b o n a t e  i n  e x c e s s  o f  10 
t o n s  p e r  a c r e  on  c o m p a r a t i v e l y  c o a r s e  t e x t u r e d  s o i l  t h a t  
t h e  s u r f a c e  r e a d i l y  t e n d s  t o  c a k e  and  c r a c k  on d r y i n g  
a f t e r  r a i n .  The p r a c t i c a l  m e th o d s  o f  r e s t o r i n g  a  s a t i s ­
f a c t o r y  s t r u c t u r e  a s  i s  f a i r l y  w e l l  u n d e r s t o o d  b y  m odern  
f a r m e r s ,  i s  b y  t h e  d i r e c t  a p p l i c a t i o n  o f  f a rm y a r d  o r  
o t h e r  o r g a n i c  m a n u re ,  o r  t h e  f e e d i n g  o f  s t o c k  on thei
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l a n d  w h e re b y  o r g a n i c  m a t t e r  i s  ad d e d  w i t h  s im u l t a n e o u s  
c o n s o l i d a t i o n  o f  th e  s u r f a c e  t h r o u g h  t r a m p l i n g .
A l th o u g h  d r e s s i n g s  o f  l i m e ,  w h ic h  we now c o n ­
s i d e r  v e r y  h e a v y ,  w e re  a c c e p t e d  a s  n o rm a l  a t  t h e  t im e  
u n d e r  c o n s i d e r a t i o n ,  t h e y  w e re  n o t  w i t h o u t  t h e i r  c r i t i c s .  
P u r v i s ,  t h e  F r e n c h  A g r i c u l t u r a l  C h e m is t  s a y s  -  "W hile  i n  
F r a n c e  we a r e  c o n t e n t  t o  g i v e  f ro m  a  t h o u s a n d t h  t o  a  
h u n d r e d t h  o f  l im e  t o  t h e  t i l l a b l e  s o i l ,  f ro m  t e n  t o  
one h u n d re d  h e c t o l i t r e s  t o  t h e  h e c t a r e ,  t h e y  g i v e  i n  
E n g la n d  f ro m  one t o  s i x  h u n d r e d t h s  o r  f ro m  o n e  t o  s i x  
h u n d r e d  h e c t o r l i t r e s  t o  t h e  h e c t a r e .  The f u l l  s u c c e s s  
o f  t h e  m ethod  o f  o u r  c o u n t r y  m ig h t  make u s  r e g a r d  t h e  
E n g l i s h  m eth o d  a s  a n  u n n e c e s s a r y  w a s t e . "
The m id d le  o f  t h e  1 9 th  c e n t u r y  saw t h e  commence­
m en t o f  v a s t  c h a n g e s  i n  a g r i c u l t u r a l  p r a c t i c e  -  and  
am o n g st o t h e r s  a  d i m i n u t i o n  o f  t h i s  " u n n e c e s s a r y  w a s t e , "
The r e a l  s t a r t i n g  p o i n t  o f  t h e  r e v o l u t i o n  may 
be t a k e n  a s  1840 when L i e b i g  (2 7 )  o u t l i n e d  t h e  r e l a t i o n s  
b e tw e e n  th e  c o m p o s i t i o n  o f  t h e  s o i l  a n d  t h e  n u t r i t i o n  
o f  p l a n t s ,  and a d v a n c e d  h i s  m i n e r a l  t h e o r y .  C e r t a i n l y  
b e f o r e  t h i s  t i m e ,  i n  a d d i t i o n  t o  l i m e ,  c h a l k ,  m a r l  a n d  
f a r m y a r d  m a n u re ,  a  few  s u b s t a n c e s  s u c h  a s  h o o f s  and  
h o r n s ,  shoddy^ s a l t ,  s a l t p e t r e ,  s o o t  and  b o n e s  w e re
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known and  u s e d  t o  a  s l i g h t  e x t e n t .  Even P e r u v ia n  guano  
made i t s  a p p e a r a n c e  i n  1835 th o u g h  i n  n e g l i g i b l e  q u a n ­
t i t y .  B u t t h e  a t t i t u d e  o f  a g r i c u l t u r e  t o  C h e m is t ry  was 
e i t h e r  u n s y m p a t h e t i c  o r  u n i n t e r e s t e d .  H ow ever, t h e  
e n t h u s i a s m  r a i s e d  i n  c e r t a i n  c i r c l e s  f o r  L i e b i g  and  
h i s  d i s c o v e r i e s  g a v e  A g r i c u l t u r e  i t s  f i r s t  h i n t  o f  t h e  
p o s s i b i l i t i e s  t h a t  m ig h t  l i e  b e h in d  t h e  a d v an cem en t o f  
c h e m ic a l  k n o w le d g e .  The b a l l  t h u s  s e t  i n  m o t io n  g a in e d  
t re m e n d o u s  im p e tu s  b y  t h e  w ork  o f  Lawes and G i l b e r t  i n  
t h e  l a b o r a t o r y ,  t h e  f a c t o r y  an d  t h e  A g r i c u l t u r a l  E x p e r i ­
m en t S t a t i o n .
L e i b i g  h a d  i n  1840 s u g g e s t e d  t h e  s u l p h u r i c  
a c i d  t r e a t m e n t  o f  b o n e s .  T h i s  i d e a  was e x te n d e d  t o  
m i n e r a l  p h o s p h a te s  a n d  a s  a  r e s u l t  o f  t h e  r e m a r k a b le  
e f f e c t s  p r o d u c e d  i n  c r o p  g r o w th  a t  t h e  R o th a m s te d  s t a t i o n  
( 1 8 ) ,  Lawes s e t  u p  h i s  f a c t o r y  a t  Bow and b e g a n  t h e  
m a n u f a c tu r e  o f  s u p e r p h o s p h a t e  on  a  c o m m e rc ia l  s c a l e  i n  
1 8 4 3 .
Lawes* s u c c e s s  l e d  t o  o t h e r  s u b s t a n c e s  b e i n g  
t r i e d  o u t ,  m a n u f a c tu r e d  and p u t  on t h e  m a r k e t .  Thus a  
g r e a t  and  e x p a n d in g  i n d u s t r y  came i n t o  b e i n g .  The g e n t l e  
p e r s u a s i v e  a d v i c e  o f  t h e  s c i e n t i s t  was s u p p le m e n te d  b y  
t h e  I m p o r t u n i t i e s  o f  t h e  p e r s i s t e n t  and  " u n r e b u f  f a b l e "  
s a le s m a n  so  t h a t  t h e  I n n a t e  c o n s e r v a t i v l s m  o f  t h e  f a r m e r
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was a t  l e a s t  p a r t l y  b ro k e n  down.
Once " a r t i f i c i a l  f e r t i l i s e r s "  had b e e n  t r i e d  
and  t h e  i n i t i a l  m i s t a k e s  o f  u s i n g  compounds u n s u l t e d  
t o  s p e c i f i c  c a s e s  h a d  b e e n  r e c o g n i s e d ,  t h e  em ploym ent 
o f  m a n u f a c tu r e d  f e r t i l i s e r s  becam e a  r e g u l a r  p a r t  o f  
a g r i c u l t u r a l  r o u t i n e .  The am o u n ts  an d  v a r i e t i e s  u s e d  
s t e a d i l y  i n c r e a s e d  and t h e r e  e n t e r e d  t h a t  p e r i o d  o f  
B r i t i s h  A g r i c u l t u r e  known a s  t h e  t im e  o f  "H igh  F a r m in g " .
C o i n c i d e n t  w i t h  t h e  e x p a n d in g  u s e  o f  f e r t i l i s ­
e r s ,  t h e  p r i n c i p l e s  o f  l a n d  d r a i n a g e  w ere  b e i n g  e x p l o r e d  
and  c o n s i d e r a b l e  a r e a s ,  w h ic h  i n  t h e i r  o l d  s e m i - w a t e r -  
lo g g e d  c o n d i t i o n  w ou ld  h a v e  g iv e n  a  d i s a p p o i n t i n g  r e s ­
p o n s e  t o  t h e  new m a n u r e s ,  w e re  b r o u g h t  t o  a  s t a t e  o f  
p r o d u c t i v i t y  b y  t h e  re m o v a l  o f  t h e  s t a g n a n t  w a t e r .
T h e se  and o t h e r  f a r  r e a c h i n g  i n n o v a t i o n s  i n ­
e v i t a b l y  c a u s e d  r a d i c a l  and  f a i r l y  q u i c k  c h a n g e s  i n  t h e  
o l d  s y s te m  o f  f a r m i n g .  T r a d i t i o n a l  p r a c t i c e s  w ere  
m o d i f i e d  o r  a b a n d o n ed  t o  make way f o r  t h o s e  b a s e d  on 
t h e  new k n o w led g e  and t o  s u p p ly  t h e  g ro w in g  n e e d s  o f  
a n  a d j a c e n t  i n d u s t r i a l  p o p u l a t i o n .  A g a in ,  f a r m in g  was 
no l o n g e r  s im p ly  a  m eans o f  p r o v i d i n g  s u b s i s t e n c e .  
I n d u s t r i a l i s m  t a u g h t  f a r m e r s  t o  s t r i v e  f o r  a  " p r o f i t "  -  
s o m e th in g  o v e r  and above  w h a t  was r e q u i r e d  t o  k e e p  t h e
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b u s i n e s s  r u n n i n g .  I t  f o l l o w e d  f ro m  t h i s  t h a t  o p e r a t i o n s  
r e q u i r i n g  c a p i t a l  o u t l a y  and  f ro m  w h ic h  t h e  r e t u r n s  w ere  
s low  were n o t  em barked  on l i g h t l y .  L im in g  f e l l  w i t h i n  
t h i s  c a t e g o r y .
L im in g  h o w ev er  h a d  p r e v i o u s l y  b e e n  r e g a r d e d  
a lm o s t  a s  a  s i n e  q u a  non  f o r  s u c c e s s f u l  c r o p  p r o d u c t i o n ,  
b u t  so  e f f i c i e n t  h ad  t h e  m a n u f a c tu r e d  f e r t i l i s e r s  p ro v e d  
t h a t  i t  i s  h a r d l y  t o  b e  w on d ered  a t  t h a t ,  i n  many c a s e s ,  
t h e  b e l i e f  grew  t h a t  t h e y ,  t o g e t h e r  w i t h  f a rm y a r d  m a n u re ,  
s u p p l i e d  a l l  t h a t  was r e q u i r e d .  Thus g r a d u a l l y  t h e  
a p p l i c a t i o n s  o f  l im e  w ere  r e d u c e d  o r  o m i t t e d .
A f u r t h e r  c o n t r i b u t o r y  c a u s e  o f  t h e  f a l l i n g  
away o f  t h e  o l d  p r a c t i c e  was t h e  r e c u r r e n t  p e r i o d s  o f  
a c u t e  a d v e r s i t y  w h ic h  B r i t i s h  a g r i c u l t u r e  s u f f e r e d  
b e tw e e n  t h e  y e a r s  1874 and  1912 d u e  v a r i o u s l y  t o  t h e  
u p s  and  downs o f  t h e  c o u n t r y ’ s i n d u s t r y ,  t o  s u c c e s s i o n s  
o f  u n f a v o u r a b l e  s e a s o n s  and t o  c o m p e t i t i o n  f ro m  new 
c o u n t r i e s  w i t h  e x t e n s i v e  t r a c t s  o f  v i r g i n  l a n d .  I n  
t h e s e  d a y s  t h e r e  was i n s u f f i c i e n t  money f o r  n e c e s s i t i e s ,  
n o t  t o  s p e a k  o f  " e x t r a s "  a s  l i m i n g  h a d  come t o  b e  l a r g e ­
l y  r e g a r d e d .
R e a d ju s tm e n t  was g r a d u a l l y  t a k i n g  p l a c e  and  
a g r i c u l t u r e  was s e t t l i n g  down t o  t h e  p o s i t i o n  a l l o c a t e d
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t o  i t  b y  t h e  im m e d ia te  n e e d s  o f  t h e  i n d u s t r i a l  p o p u l a ­
t i o n  when m ankind  was s m i t t e n  w i t h  m adness  l i k e  t h e  sw ine  
o f  o l d  and  s ta m p e d e d  o v e r  t h e  c l i f f s  o f  w a r .  Gone t h e n  
f o r  t h e  " d u r a t i o n ” was t h e  r e m o t e s t  p o s s i b i l i t y  o f  a n y  
a c t i v i t y  e x c e p t  s u c h  a s  y i e l d e d  im m e d ia te  r e s u l t s .
L im in g  was o u t  o f  t h e  q u e s t i o n .  S uch  l im e  k i l n s  a s  
p r o d u c e d  f o r  a g r i c u l t u r a l  p u r p o s e s  s o l e l y ,  c l o s e d  down 
and  many s t i l l  l i e  d e r e l i c t .
D u r in g  t h e  w ar  e v e r y  m eans a v a i l a b l e  was 
u t i l i s e d  t o  make t h e  l a n d  y i e l d  u p  i t s  c a p i t a l .  F e r t i ­
l i s e r s  w ere  v e r y  l i m i t e d .  The raw  m a t e r i a l s  f o r  s u l p h a t e  
o f  ammonia w e re  r e q u i r e d  f o r  m u n i t i o n s .  B a s ic  s l a g  
r e m a in e d  u n g ro u n d .  O nly  s m a l l  im p o r t s  o f  r o c k  p h o s p h a te  
w ere  p o s s i b l e .  The s u p p l i e s  o f  p o t a s h  w ere  c u t  o f f .
Where p o s s i b l e ,  t e m p o r a r y  s u b s t i t u t e s  w ere  u s e d ,  su c h  a s  
common s a l t  (3 6 )  i n  p l a c e  o f  p o t a s h  m a n u re s .  B u t t h e  
d e v i c e  m o st w i d e l y  em ployed  ( p a r t l y  u n d e r  S t a t e  c o n t r o l )  
was t h a t  o f  p l o u g h i n g  u p  l a n d  w h ic h  p r e v i o u s l y  h ad  l a i n  
l o n g  as  p a s t u r e .
A t t h e  c l o s e  o f  t h e  w ar t h e  l a n d  a s  w e l l  a s  
t h e  p e o p le  w ere  sh o w in g  s i g n s  o f  e x h a u s t i o n .  The a g r i c ­
u l t u r a l  i n d u s t r y  had  t e m p o r a r i l y  b e n e f i t e d  f i n a n c i a l l y  
f ro m  i t s  p o s i t i o n  o f  v i t a l  I m p o r t a n c e .  The s t a g e  was
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s e t  -  o t h e r  t h i n g s  c o n c u r r i n g  -  f o r  a boom i n  f e r t i l i s e r s .  
The boom m a t e r i a l i s e d  i n  t h i s  a s  i n  o t h e r  s p h e r e s .  
F e r t i l i s e r s  w e re  b o u g h t  and a p p l i e d  l a v i s h l y  -  p a r t i c u l ­
a r l y  t h o s e  c o n t a i n i n g  n i t r o g e n .  Much o f  t h e  l a n d  b r o k e n  
o u t  o f  o l d  p a s t u r e  was f o r  a  t im e  k e p t  u n d e r  t h e  p lo u g h  
and  c ro p p e d  i n t e n s i v e l y .  The p r i c e s  r u l i n g  f o r  a g r i ­
c u l t u r a l  p r o d u c e  made t h i s  p r o c e d u r e  p o s s i b l e  and  k e p t  
a c t i v e  much l a n d  j u s t  on t h e  " m a rg in  o f  c u l t i v a t i o n " .
B u t w h a t  o f  l im e  d u r i n g  t h e s e  y e a r s ?  A l i t t l e  was u s e d  
b u t  i t  was e x p e n s i v e .  The demand was n o t  s u f f i c i e n t l y  
s t r o n g  t o  c a u s e  a  r e - o p e n i n g  o f  l o c a l  k i l n s  a n d  f r e i g h t  
and o t h e r  c h a r g e s  r e n d e r e d  t h e  c o s t  p r o h i b i t i v e  a t  
d i s t a n c e s  f a r  f ro m  t h e  c e n t r e s  o f  p r o d u c t i o n .
A h a b i t  o n ce  l o s t  i s  n o t  a lw a y s  e a s y  t o  r e c a p ­
t u r e .  L im in g  was n o t  now a  r e g u l a r  p r a c t i c e  and  b y  t h e  
t im e  t h e r e  was an y  w id e s p r e a d  r e a l i s a t i o n  t h a t  t h e  l a n d  
was b e g i n n i n g  t o  " c r y  f o r  l im e "  t h e  t i d e  o f  p r o s p e r i t y  
h a d  t u r n e d  and  was e b b in g  r a p i d l y .  Much o f  t h e  l a n d  
s a n k  b e lo w  t h e  l e v e l  o f  p r o f i t a b l e  c u l t i v a t i o n  a n d  was 
e i t h e r  s e e d e d  o u t  a s  p e rm a n e n t  p a s t u r e  o r  was a l lo w e d  
t o  " tu m b le  down" i n  i t s  own w ay . The f a l l  i n  f a r m i n g  
p r o f i t s  was o n ly  one  a s p e c t  o f  a  g e n e r a l  d e p r e s s i o n  and  
t o  o b t a i n  a  m a r k e t  t h e  p r i c e  o f  f e r t i l i s e r s  h ad  t o  f a l l
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t o o .  T hus f e r t i l i s e r s  w ere  n e v e r  q u i t e  o u t w i t h  t h e  
f a r m e r s 1 r e a c h  and th e  a t t e m p t  was made -  e n c o u ra g e d  
b y  t h e  f e r t i l i s e r  t r a d e  -  t o  m ee t t h e  d i f f i c u l t i e s  b y  
an  i n c r e a s e d  r a t e  o f  p r o d u c t i o n  f ro m  t h e  s m a l l e r  a r a b l e  
a r e a .  A l l  t h i s  t im e  t h e  d e p l e t i o n  o f  t h e  c a l c i u m  c o n t e n t  
o f  t h e  s o i l  was c o n t i n u i n g .  The s i t u a t i o n  o v e r  l a r g e  
a r e a s  was a g g r a v a t e d  b y  t h e  l a c k  o f  d r a i n a g e  o r  t h e  
s t a t e  o f  d i s r e p a i r  i n t o  w h ic h  o l d  d r a i n s  had  f a l l e n .
T h a t  t h e  c o n d i t i o n s  w ere  d e t r i m e n t a l  t o  c r o p  p r o d u c t i o n  
and  w i d e - s p r e a d  i s  i n d i c a t e d  b y  t h e  f a c t  t h a t  t h e  G ov ern ­
m ent (2 6 )  a c t u a l l y  g a v e  f i n a n c i a l  a s s i s t a n c e  f o r  d r a i n a g e  
o p e r a t i o n s .
The p o s t  w ar  y e a r s  saw a  g r e a t l y  i n c r e a s e d  
a c t i v i t y  on  t h e  p a r t  o f  e d u c a t i o n a l  an d  s c i e n t i f i c  b o d i e s  
w h ic h  w e re  c o n c e r n e d  w i t h  t h e  p r o b le m s  o f  a g r i c u l t u r e .  
I n n u m e ra b le  e x p e r i m e n t s  ( e . g . 5 1 )  w ere  c o n d u c te d  and  
d e m o n s t r a t i o n s  a r r a n g e d  t o  t e a c h  t h e  f a r m e r  s o m e th in g  
new o r  re m in d  h im  o f  w h a t  h ad  b e e n  f o r g o t t e n .  The s u b ­
j e c t  o f  l i m i n g  was f r e q u e n t l y  i n  t h e  f o r e g r o u n d  and  a l l  
o v e r  t h e  c o u n t r y  t h e  same g e n e r a l  c o n c l u s i o n  was r e a c h e d  -  
t h a t  a  s e r i o u s  d e f i c i e n c y  o f  l im e  e x i s t e d .
PASTURE and  PASTURE SPECIES.
The v a s t  I n c r e a s e  i n  t h e  a r e a  u n d e r  g r a s s  o f
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v a r i o u s  s o r t s  h a s  r a i s e d  t h e  im p o r ta n c e  o f  a l l  q u e s t i o n s  
r e l a t i n g  t o  i t .  B etw een  1866 and 1930 t h e  a r e a  u n d e r  
p e r m a n e n t  p a s t u r e  i n  E n g la n d  r o s e  f ro m  8 .9 9  m i l l i o n  a c r e s  
t o  1 5 .7 8  m i l l i o n  a c r e s  (1 4 )  ( 2 ) .  W h ile  i n  S c o t l a n d  and  
W ales  a  c o r r e s p o n d i n g  r i s e  to o k  p l a c e .  Much o f  t h i s  
e x t e n d e d  a r e a  -  and p a r t i c u l a r l y  t h a t  w h ic h  h a s  r e v e r t e d  
s i n c e  t h e  w ar  -  i s  i n  a  v e r y  im p o v e r i s h e d  c o n d i t i o n ,  
w i t h  g r e a t  d e t r i m e n t  t o  t h e  s t o c k - c a r r y i n g  c a p a c i t y  o f  
t h e  c o u n t r y .
T h a t  t h e  a c t u a l  f e e d i n g  v a l u e  o f  h e r b a g e  a s  
i n d i c a t e d  b y  t h e  s t o c k  c a r r y i n g  pow er and t h e  c h e m ic a l  
c o m p o s i t i o n  v a r i e s  g r e a t l y  f ro m  p l a c e  t o  p l a c e  a c c o r d i n g  
t o  t h e  a v a i l a b l e  s u p p ly  o f  p l a n t  n u t r i e n t s  and  t h e  t r e a t ­
m en t g i v e n ,  h a s  b e e n  a b u n d a n t l y  p r o v e d  b y  O r r  (3 1 )  and  
h i s  c o - w o r k e r s .  The f o l l o w i n g  a b r i d g e d  t a b l e  a f t e r  
Godden (3 2 )  i l l u s t r a t e s  t h e  p o i n t  -
COMPOSITION o f  PASTURES 
% o f  D ry M a t t e r .
A v e ra g e  o f  24 c u l t i v a t e d  p a s t u r e s .  
S c o t t i s h  Low land p a s t u r e .......................
35  S c o t t i s h  p a s t u r e s |  ®a ^e n*  ) Not e a t e n
CaO P205 P r o t e i n
1 .0 0 4 .7 3 5 1 7 .6 5 6
.5 7 .6 5 1 5 .2 5
.5 6 .6 0 1 5 .8
.3 0 .3 7 1 1 .4
The i n v e s t i g a t i o n s  o f  t h e  R o w e tt  R e s e a r c h
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I n s t i t u t e  h a v e  o f  l a t e  y e a r s  s t r o n g l y  e m p h a s is e d  th e  
im p o r t a n c e  o f  t h e  m i n e r a l  c o n t e n t  o f  g r a z i n g s  n o t  o n ly  
i n  t h e i r  a b i l i t y  t o  s u p p o r t  a n  a d e q u a te  p o p u l a t i o n  b u t  
t o  m a i n t a i n  t h e  i n d i v i d u a l s  i n  h e a l t h .  I n  a  d i s c u s s i o n  
o f  t h e  c h a n g e s  i n  d i s t r i b u t i o n  o f  l i v e  s t o c k  i n  S c o t l a n d  
d u r i n g  t h e  p a s t  f i f t y  y e a r s ,  G r e ig  (1 7 )  p o i n t s  o u t  t h a t  
t h e  s h e e p  p o p u l a t i o n  o f  A r g y l l ,  I n v e r n e s s ,  R oss and 
C r o m a r ty ,  S u t h e r l a n d  an d  P e r t h  h a s  d e c l i n e d  b y  2 2 .7  p e r  
c e n t v  w h i l e  o t h e r  d i s t r i c t s  show a c o m p e n s a t in g  i n ­
c r e a s e .  One f a c t o r  c o n t r i b u t i n g  t o  t h i s  r e - d i s t r i b u t i o n  
he  c o n s i d e r s  i s  t h e  d i m i n u t i o n  o f  m i n e r a l  c o n s t i t u e n t s  
i n  t h e  h i g h e r  g r a z i n g s .  Added w e ig h t  i s  g iv e n  t o  th e  
im p o r t a n c e  o f  t h e  c a l c i u m  o f  t h e  p l a n t  b y  t h e  c o n c l u s i o n s  
o f  E l l i o t ,  O r r  and  Wood (1 2 )  f ro m  t h e i r  s t u d y  o f  t h e  
m i n e r a l  c o n t e n t  o f  p a s t u r e s .  They s t a t e ,  -
”S h eep  i n  g r a z i n g  c h o o s e  p a s t u r e s  whose m i n e r a l  
c o n t e n t  m o s t  c l o s e l y  a p p r o x im a te s  t o  t h a t  o f  good c u l ­
t i v a t e d  p a s t u r e s . ”
” l n  m o s t  o f  t h e  p a s t u r e s  c o l l e c t e d  f ro m  t h e  
W est H ig h la n d s  and  t h e  F a l k l a n d  I s l a n d s  t h e  m i n e r a l  
e l e m e n t  m ost d e f i c i e n t  was c a l c i u m . ”
”Young s h e e p  on  a  d i e t  d e f i c i e n t  i n  c a l c iu m  
f a i l  t o  grow a t  t h e  maximum r a t e . ”
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The i n f l u e n c e  o f  t r e a t m e n t  i s  b r o u g h t  o u t  
b y  O r r fs (3 0 )  f i g u r e s .
PERCENTAGE o f  DRY MATTER
F e r t i l i s e r  a p p l i e d P a s t u r e  on P o o r  M oo rlan d  S o i l
P a s t u r e  on Good 
C u l t i v a t e d  S o i l
CaO p2 ° 5 CaO p 2<>5
N i l  ( C o n t r o l ) ............. .5 9 .2 9 1 .1 6 0 .9 6
L im e .................................... .7 7 .3 0 1 .3 7 0 .9 2
S u p e r p h o s p h a t e ...........
Lime p l u s  s u p e r ­
.9 4 .7 1 1 .1 6 0 .9 3
p h o s p h a te  .................. .8 9 .7 3 1 .5 6 0 .9 2
I t  e a r l y  becaipe a p p a r e n t  -  more p a r t i c u l a r l y  
so  t o  s p e c i a l i s t s  -  t h a t  p a s t u r e  was n o t  s im p ly  a  commun­
i t y  o f  s i m i l a r  p l a n t s .  Thus we f i n d  t h a t  i n  t h i s  c o u n t r y  
o v e r  a  h u n d r e d  y e a r s  ag o  ( 2 7 a )  a t t e n t i o n  b e g a n  t o  be  
g i v e n  to  a  num ber o f  s p e c i e s  t o  b e  i n c l u d e d  i n  m i x t u r e s  
o f  s e e d s  f o r  t h e  p r o d u c t i o n  o f  h ay  and g r a z i n g  f o r  s t o c k .  
Then to w a r d s  t h e  end o f  l a s t  c e n t u r y  b o t a n i s t s  made c l e a r  
t h e  m o r p h o l o g i c a l  d i s t i n c t i o n s  b e tw e e n  t h e  v a r i o u s  s p e c i e s  
an d  so  t h e  t r u t h  g r a d u a l l y  daw ned t h a t  a  sw ard  was n o t  
s o m e th in g  hom ogeneous b u t  a  v e r y  m ixed  a s s e m b la g e .  B u t 
"kn o w led g e  i s  a  s lo w  g r o w th " .  To t h e  m a j o r i t y  o f  f a r m e r s  
and  e v e n  t o  m o s t  s c i e n t i s t s , u n l e s s  p o s s e s s e d  o f  some 
b o t a n i c a l  t r a i n i n g ,  g r a s s  was g r a s s  and  t h a t  was i t  m ore
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o r  l e s s  d i s p o s e d  o f .  T h is  a t t i t u d e  h a s  p e r s i s t e d  u p  t o  
q u i t e  r e c e n t  t im e s  and  i t  i s  o n l y  t h e  w ork o f  men l i k e  
G i l c h r i s t ,  S o m e r v i l l e ,  P e r c i v a l  and M cA lp in e ,  and  a t  
t h e  p r e s e n t  day  S t a p l e d o n  o f  t h e  W elsh  P l a n t  S t a t i o n  and 
F i n d l a y  o f  t h e  N o r th  o f  S c o t l a n d  C o l l e g e  o f  A g r i c u l t u r e ,  
t h a t  h a s  h a s t e n e d  i t s  m o d i f i c a t i o n .
S t u d i e s  i n  t h e  f i e l d ,  s u c h  a s  t h o s e  o f  J e n k i n  
(2 3 )  d e a l i n g  w i t h  t h e  r e l a t i v e  p e r s i s t e n c e  o f  s p e c i e s  
when e x p o se d  t o  i n t e r - c o m p e t i t i o n  and  t h e  s e l e c t i v e  i n ­
f l u e n c e  o f  e n v i r o n m e n t  h a v e  h e l p e d  t o  d e m o n s t r a t e  t h a t  
t h e r e  m u s t  he  i n h e r e n t  p h y s i o l o g i c a l  a s  w e l l  a s  m orpho­
l o g i c a l  d i f f e r e n c e s  b e tw e e n  s p e c i e s .  Though some o f  them  
a r e  w e l l  known, many a r e  n o t .
I n  t h e  c r i t i c a l  e x a m i n a t i o n  o f  s p e c i e s  i n  
r e l a t i o n  t o  t h e i r  s u i t a b i l i t y  f o r  d i f f e r e n t  a g r i c u l t u r a l  
r e q u i r e m e n t s ,  su c h  a s ,  f o r  e x a m p le ,  h a y  m ak in g  a s  o p p o se d  
to  g r a z i n g ,  i t  h a s  b e e n  fo u n d  t h a t  e v e n  t h e  s p e c i e s  i s  
f a r  f ro m  b e i n g  a s t a b l e  u n i t  b u t  m u s t  b e  r e c o g n i s e d  a s  
e m b ra c in g  a  num ber o f  s t r a i n s .  Some o f  t h e s e  s t r a i n s  
a r e  f a i r l y  d i s t i n c t  b u t  many show o n l y  s l i g h t  d i f f e r e n c e s  
am o n g st t h e m s e lv e s  and  a  s u b s e q u e n t  g e n e r a t i o n  m ig h t  l o s e  
t h e  f a i n t  d i s t i n g u i s h i n g  c h a r a c t e r  o r  assum e a  new one 
c o n s e q u e n t  u p o n  a  g e n e t l c a l  r e - a r r a n g e m e n t  r e s u l t i n g  
f ro m  t h e  c r o s s  f e r t i l i z a t i o n  w h ic h  i s  f r e q u e n t  i n
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g r a m in e a e .  I n  m ak ing  s e l e c t i o n s  o f  s t r a i n s  on t h e  b a s i s  
o f  some p o i n t  o f  u t i l i t y  i t  i s  t h e r e f o r e  o b v io u s  t h a t  
t h e  f i n e r  d i f f e r e n c e s  m u st be  d i s r e g a r d e d  and o n ly  t h o s e  
w h ic h  a r e  l ik e ly  t o  b e  p e r p e t u a t e d  c o n s i d e r e d .  I t  t h u s  
comes a b o u t  t h a t  f o r  p r a c t i c a l  p u r p o s e s  we d e a l  w i t h  
“ t y p e s w w h ic h  a r e  r e a l l y  a g g r e g a t e s  o f  s t r a i n s  whose 
r a n g e  o f  d e v i a t i o n  f ro m  some c e n t r a l  v a l u e  i s  f a i r l y  
n a r ro w .
The t e n d e n c y  o f  t h e  m ore a d v a n c e d  f a r m e r s  an d  
t h e i r  s c i e n t i f i c  a d v i s e r s  i s  t o  r e g a r d  g r a s s  a s  a  d i s t i n c t  
c r o p  i n  t h e  same way a s  p o t a t o e s  o r  o a t s  an d  a b a n d o n  t h e  
a t t i t u d e  t h a t  i t  i s  s o m e th in g  u n i q u e  w h ic h  cai^  
f r e q u e n t l y  u n a i d e d ,  b a t t l e  s u c c e s s f u l l y  a g a i n s t  a n  a n t a ­
g o n i s t i c  e n v i r o n m e n t  and c o n t i n u e  i n d e f i n i t e l y  t o  y i e l d  
a n  a d e q u a t e  s u p p ly  o f  a n im a l  n u t r i m e n t *  T h i s  b e i n g  so
i t  i s  o b v io u s  t h a t  t h e  co m p o n e n ts  o f  t h e  c r o p  -  t h e
i n d i v i d u a l  s p e c i e s  -  m u st r e c e i v e  c o n s i d e r a t i o n .
The p o s s i b i l i t y  o f  m ak ing  some p r o g r e s s  a lo n g
t h i s  l i n e  h a s  b een  i n c r e a s e d  i n  t h e  c a s e  o f  s e e d e d  p a s ­
t u r e s  b y  t h e  r e d u c t i o n  i n  t h e  num ber o f  s p e c i e s  w h ic h  
a r e  i n c l u d e d  i n  a  s e e d s  m i x t u r e  now a s  com p ared  w i t h  
t h e  end o f  l a s t  and  t h e  b e g i n n i n g  o f  t h i s  c e n t u r y .
E l l i o t  o f  C l i f t o n  P a r k  (1 3 )  a n  a u t h o r i t y  o f  h i s  d a y ,  
recom m ended m i x t u r e s  c o n t a i n i n g  u p w ard s  o f  tw e n ty  s p e c i e s ,
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w h e re a s  S t a p l e d o n  (4 2 )  and S t a p l e d o n  and H an ley  (4 3 )  
a d v i s e  on o c c a s i o n s  a s  few a s  two s p e c i e s .  I n  g e n e r a l  
we f i n d  t h e  c u r r e n t  p r a c t i c e  i s  t o  i n c l u d e  s i x  o r  s e v e n  
s p e c i e s  ( i n c l u d i n g  l e g u m i n o s a e ) .  W hile  t h i s  t r e n d  h a e  
made f o r  s i m p l i f i c a t i o n ,  t h e  c l a im s  o f  s e v e r a l  o u t s t a n d ­
i n g  s t r a i n s  ( o r  t y p e s )  w i t h i n  e a c h  s p e c i e s  h a s  a c t e d  i n  
t h e  o p p o s i t e  d i r e c t i o n .
I f  t h e n  i t  i s  a g r e e d  t h a t  t h e  g r e a t e s t  y i e l d s  
c an  o n l y  be  o b t a i n e d  b y  a c t i n g  a c c o r d i n g  t o  t h e  p e c u l i a r ­
i t i e s  o f  t h e  com ponen t s p e c i e s  an d  s t r a i n s ,  b y  a s s o c i a t ­
i n g  t o g e t h e r  t h o s e  w h ic h  r e a c t  m o s t  f a v o u r a b l y  t o  t h e  
d o m in a t in g  e n v i r o n m e n ta l  f a c t o r  and b y  m o d i f y in g  c o n ­
d i t i o n s  so  t h a t  t h e  n a t u r a l l y  l e s s  a g g r e s s i v e  w i l l  com pete  
m ore s u c c e s s f u l l y  w i t h  t h e  m ore r o b u s t ,  t h e n  i t  f o l l o w s  
t h a t  t h e  c h a r a c t e r i s t i c  r e s p o n s e s  o f  e a c h , u n d e r  a  w id e  
r a n g e  o f  c i r c u m s t a n c e s ,m u s t  b e  known. B u t t h a t  i s  t h e  
r o o t  o f  a l l  t h e  d i f f i c u l t i e s  i n  d e v i s i n g  m i x t u r e s .
T h e re  e x i s t s  c o m p a r a t i v e l y  l i t t l e  a c c u r a t e  kn o w led g e  o f  
r e s p o n s e s  o f  ev en  t h e  o l d e r  a n d  b e t t e r  known s p e c i e s ,  
and  p r a c t i c a l l y  n o n e  on  t h e  m ore r e c e n t l y  I s o l a t e d  s t r a i n s .
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GENERAL STATEMENT o f  PROBLEM
I n  v iew  o f  w h a t  h a s  b een  a d v a n c e d  one may w e l l  
be im p re s s e d  b y  t h e  im p o r ta n c e  o f  c a lc iu m  compounds a s  
a f a c t o r  i n  p ro m o t in g  and  m a i n t a i n i n g  h e a l t h y  g ro w th ,  
an d  b y  t h e  f a c t  t h a t  t h e  a b u n d a n t  a p p l i c a t i o n s  o f  an  
e a r l i e r  g e n e r a t i o n  h av e  b e e n  draw n on so  lo n g  w i t h o u t  
re p a y m e n t  t h a t  much o f  t h e  a g r i c u l t u r a l  l a n d  a t  t h e  
p r e s e n t  t im e  i s  i n  d i r e  n e e d  o f  r e p l e n i s h m e n t .  I t  m u s t  
a l s o  b e  r e a l i s e d  t h a t  i n  e x t e n t  an d  v a l u e  t o  t h e  c o u n t r y  
a s  a  fo o d  p r o d u c in g  medium, g r a s s  i s  f a r  i n  a d v a n c e  o f  
a n y  o t h e r  c r o p .  R e c e n t  w o rk , t o o ,  h a s  made i t  c l e a r  t h a t  
s p e c i e s  o r  i n  some c a s e s  s t r a i n s  a r e  t h e  u n i t s  b u i l d i n g  
u p  t h a t  c r o p .  T h e se  f a c t s  and  t h e  c o n s c i o u s n e s s  o f  t h e  
i n s u f f i c i e n c y  o f  t h e  i n f o r m a t i o n  r e g a r d i n g  t h e  v a r i e d  
r e s p o n s e s  o f  s p e c i e s  and  s t r a i n s  t o  l im e  l e d  t o  t h e  
u n d e r t a k i n g  o f  i n v e s t i g a t i o n s  i n  t h e  hope o f  a d d in g  som e­
t h i n g  -  how ev er  l i t t l e  -  t o  t h e  s t o r e  o f  k n o w le d g e .
B r o a d l y ,  t h e  q u e s t i o n  a s k e d  was "How d o e s  g r a s s ,  
and p a r t i c u l a r l y  t h e  i n d i v i d u a l s ,  r e a c t  u n d e r  c o n d i t i o n s  
o f  d e f i c i e n c y ,  m o d e r a te  s u p p l i e s ,  a b u n d a n c e ,  o r  s u p e r ­
a b u n d a n c e  o f  c a l c iu m ? "
T h a t  c o n d i t i o n  o f  a  s o i l  w h ic h  w ould  b e  im p ro v ed  
f o r  p l a n t s  b y  t h e  a d d i t i o n  o f  l im e  i s  s p o k e n  o f  b y  a g r i -
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c u l t  u r i s t s  a s  " s o u r n e s s "  and  b y  c h e m i s t s  a s  " a c i d i t y "  
th o u g h  t h e  l a t t e r  t e r m  i s  b e c o m in g  p o p u l a r :  w here  no 
n e e d  f o r  l im e  i s  r e c o g n i s e d ,  th e  l a n d  i s  s a i d  t o  b e  
" s w e e t "  o r  " n e u t r a l ” ,
The more n o n -c o m m ita l  d e s i g n a t i o n s  h av e  i n  
t h i s  c a s e  much t o  recommend them .
Now, e x a m in a t io n  shows t h a t  t h e  f l o r i s t i c  
c h a r a c t e r s  o f  s w e e t  and s o u r  l a n d  a r e  o f t e n  v e r y  d i f f e r ­
e n t .  On a p p a r e n t l y  s o u r  l a n d  we f r e q u e n t l y  f i n d  s u c h  
p l a n t s  a s  Anthoxanthum o d o ra tu m ,  F e s t u c a  o v i n a ,  e t c .  
a s s o c i a t e d  w i t h  J u n c u s  s p p . , R a n u n c u lu s  s p p . ,  L u z u la  
s p p .  e t c .  W h ile  on sw e e t  l a n d  we a r e  n o t  s u r p r i s e d  t o  
f i n d  more l u x u r i a n t  p l a n t s  su c h  a s  L o l iu m  p e r e n n e ,  Poa 
t r i v i a l i s  e t c .  R u s s e l l  (3 8 )  s a y s  "So f a r  a s  t h i s  ( t h e  
d e g r e e  o f  t o l e r a n c e  t o  a c i d i t y )  can  b e  g a t h e r e d  f ro m  
o b s e r v a t i o n  and a g r i c u l t u r a l  e x p e r i e n c e  i t  i s  s e t  o u t . . . . "  
The d a t a  r e l e v a n t  t o  p a s t u r e s  a r e  h e r e  e x t r a c t e d .
DEGREE Of TOLERANCE t o  SOURNESS o r  ACIDITY
E n g la n d Rhode I s l a n d  ( H a r t w e l l  & Damon) (2 1 )
L e s s  T o l e r a n t More T o l e r a n t L e s s  T o l e r a n t More T o l e r a n t
T r i f o l i u m  
p r a t e n s e . 
A lo p e c u r u s  
p r a t e n s l s .  
L o liu m  p e r e n n e ,  
T r i f o l i u m  
r e p e n s .
D a c t y l i s  g lom .
A n thoxan thum  
o d o ra tu m . 
F e s t u c a  o v i n a .  
Holois la n a tu s .  
Rumex a o e t o s e .
T r i f o l i u m
p r e t e n s e .
A lo p e c u r u s
p r a t e n s l s .
Poa p r a t e n s l s .
D a c t y l i s  
g l o m e r a t e .  ^
A g r o s t i s  
c a n i n a .  
A g r o s t i s  
v u l g a r i s  •
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Such i n f o r m a t i o n  w h i l e  u s e f u l  i n  a g e n e r a l  
way i s  u n s a t i s f y i n g  i n  i t s  v a g u e n e s s  and  l e a v e s  room 
f o r  d o u b t ,  a s  a lm o s t  a l l  d a t a  c o l l e c t e d  i n  s u c h  a  way 
m u s t .  From a  c o n s i d e r a t i o n  o f  t h e  g e n e r a l i s a t i o n s  w i t h  
w h ic h  many p r a c t i c a l  a g r i c u l t u r a l i s t s  s a t i s f y  th e m s e lv e s  
f u r t h e r  q u e s t i o n s  a r i s e .  T h u s ,  d o e s  a  p l a n t  w h ic h  i s  
" l e s s  t o l e r a n t "  show a c t u a l  symptoms o f  i n j u r y  i n  i t s e l f ?  
May i t  n o t  be t h a t  t h e  p e r c e n t a g e  g e r m i n a t i o n  ( i n  t h e  
s o i l )  o f  s e e d s  o f  t h a t  p l a n t  i s  lo w e r  b u t  s u c h  p l a n t s  
a s  do grow a r e  q u i t e  n o rm a l?  Do l e s s  t o l e r a n t  p l a n t s  
f a d e  o u t  e n t i r e l y  u n d e r  e x t r e m e l y  a c i d  c o n d i t i o n s ?  How 
f a r  c a n  t h e y  be  s t i m u l a t e d  b y  a d d i t i o n s  o f  c a l c i u m  
com pounds? Do m ore t o l e r a n t  p l a n t s  show d i s t r e s s  when 
t h e  a c i d i t y  i s  re m o v e d ,  and  w i l l  t h e y  b e  e n t i r e l y  e l i m ­
i n a t e d  b y  h e a v y  a p p l i c a t i o n s  o f  l im e ?  Or i s  i t  m e r e l y  a 
q u e s t i o n  o f  c o m p e t i t i o n ?  I f  l im e  b e  a d d e d  t o  a  m ixed  
h e r b a g e  w hat w i l l  be  t h e  i n c r e a s e ,  i f  a n y ,  i n  y i e l d ,  
f ro m  d i f f e r e n t  am oun ts  o f  l im e  -  a p a r t  f ro m  a n y  ch an g e  
t h a t  may b e  in d u c e d  i n  t h e  r e l a t i v e  n u m b ers  o f  t h e  
com ponen t s p e c i e s ?  I t  i s  on t h e s e  q u e s t i o n s  t h a t  a n  
a t t e m p t  h a s  b een  made t o  s u p p ly  some i n f o r m a t i o n .
SOIL ACIDITY.
As a  p r e l i m i n a r y ,  h o w e v e r ,  i t  i s  n e c e s s a r y  t o  
i n q u i r e  i n t o  t h e  n a t u r e  o f  s o i l  a c i d i t y .  From t h e  f a r m e r ' s
- 2 7 -
s t a n d p o i n t  i t  i s  s im p l y ,  a s  a l r e a d y  s t a t e d ,  t h a t  s o i l  
c o n d i t i o n  w h ich  c a n  b e  r e m e d ie d  b y  a s u f f i c i e n t  a p p l i ­
c a t i o n  o f  l i m e .  The i n v e s t i g a t i o n s  o f  s o i l  c h e m is t s  
and  p h y s i c i s t s ,  h o w e v e r ,  s e e k  t o  s u p p ly  f u l l e r  i n f o r m a ­
t i o n .
E a r l y  c h e m i s t s  to o k  t h e  u n s o p h i s t i c a t e d  v iew  
t h a t  s o u r n e s s  was s im p ly  due  t o  o r g a n i c  a c i d s  r e s u l t i n g  
f ro m  t h e  b r e a k i n g  down o f  p l a n t  r e s i d u e s  u n d e r  v a r y i n g  
d e g r e e s  o f  p o o r  a e r a t i o n .  B u t i t  was f o u n d  t h a t  s o u r n e s s  
e x i s t e d  w h ere  t h e r e  was l i t t l e  o r g a n i c  m a t t e r  and  w h ere  
a e r a t i o n  was g o o d .  T h i s  l e d  t o  t h e  p o s t u l a t i o n  o f  a 
m i n e r a l  a c i d  su c h  a s  a  com plex  s i l i c i c  a c i d .
At a  l a t e r  s t a g e  -  e a r l y  i n  t h e  p r e s e n t  c e n t u r y  ■ 
p h y s i c a l  i d e a s  w ere  l a r g e l y  a p p l i e d  t o  s o i l  phenom ena. 
D e f i n i t e  e v i d e n c e  o f  f r e e  a c i d  I n  t h e  s o i l  h ad  n o t  b e e n  
o b t a i n e d  b u t  th e  p r e s e n c e  o f  hum lc and  c l a y  c o l l o i d a l  
m a t e r i a l  w as d e m o n s t r a t e d  t h e r e f o r e  t h e  t h e o r y  was a d ­
v a n c e d  t h a t  s o i l  a c i d i t y  was due  t o  a  p r e f e r e n t i a l  a b ­
s o r p t i o n  o f  b a s e s  b y  t h e  c o l l o i d s .  I n  s u p p o r t  o f  t h i s  
i t  was shown (3 5 )  t h a t  w a t e r  e x t r a c t s  f ro m  a c i d  s o i l s  
w ere  to o  s l i g h t l y  a c i d i c  t o  r e l e a s e  a c i d s  f ro m  n e u t r a l  
s a l t s .  T h is  p r o p e r t y ,  h o w e v e r ,  i s  r e a l l y  one o f  t h e  
c h a r a c t e r i s t i c s  o f  a c i d  s o i l s .  I t  was f u r t h e r  h e l d  
t h a t  su c h  a  r e a c t i o n  d i d  n o t  a d h e r e  t o  t h e  s t o i c h i o m e t r i c  
la w s  •
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T h ese  v ie w s  h a v e  h a d  t o  be c o n s i d e r a b l y  
m o d i f i e d  i n  t h e  l i g h t  o f  s u b s e q u e n t  w o rk . I t  was shown 
b y  D a ik u h a r a  (1 0 )  t h a t  t h e  r e a c t i o n  b e tw e e n  n e u t r a l  
s a l t s  and  a c i d  s o i l s  was s im p ly  one o f  b a s e  e x c h a n g e  
and t h i s ,  T ruog  (4 7 )  p ro v e d  when a l l  f a c t o r s  w ere  a l lo w e d  
f o r ,  d i d  a d h e r e  t o  t h e  s t o i c h i o m e t r i c  l a w s .
The i o n i c  d i s s o c i a t i o n  t h e o r y  o f  A r r h e n i u s  (4 )  
t h ro w in g  new l i g h t  on t h e  n a t u r e  o f  a c i d i t y  h a s  s u p p l i e d  
t h e  f o u n d a t i o n  on w h ich  t h e  b u l k  o f  r e c e n t  w ork  on s o i l  
a c i d i t y  i s  b u i l t .  The l i m i t a t i o n s  d f  o r d i n a r y  t i t r a t i o n  
a r e  d i s c l o s e d .  I t s  v a l u e  w h i l e  m e a s u r in g  " t h e  t o t a l  
q u a n t i t y  o f  h y d r o g e n  i o n s  p r o d u c i b l e  u n d e r  t h e  c o n d i t i o n s  
o f  th e  e x p e r i m e n t ,  s u p p o s in g  them  t o  b e  n e u t r a l i s e d  o r  
l i n k e d  u p  w i th  (OH) i o n s  a s  q u i c k l y  a s  t h e y  a r e  l i b e r a t e d "  
t a k e s  n o  c o g n i s a n c e  o f  t h e  am ount o f  d i s s o c i a t i o n  w h ic h  
t a k e s  p l a c e  i n  s o l u t i o n .  F u r t h e r ,  a  d e f i n i t e  "en d  p o i n t "  
may b e  u n o b t a i n a b l e  due  t o  t h e  p r e s e n c e  o f  s e v e r a l  
s l i g h t l y  a n d  v a r i o u s l y  d i s s o c i a t e d  a c i d s .  I t  i s  d e s i r a b l e  
t h e r e f o r e ,  i n  many c a s e s  t o  know a c t u a l l y  t h e  c o n c e n t r a ­
t i o n  o f  h y d r o g e n  i o n s  p r e s e n t .
S in c e  t h e  d i s s o c i a t i o n  o f  t h e  c a t i o n s  an d  t h e  
a n io n s  s e t s  up  a  d i f f e r e n c e  i n  p o t e n t i a l ,  t h e  i n t e n s i t y  
o f  t h i s  d i s s o c i a t i o n  ca n  b e  m e a s u re d  e l e c t r o m e t r i c a l l y .
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T h is  i s  u s u a l l y  don© b y  a p p a r a t u s  e m p lo y in g  t h e  h y d ro g e n  
e l e c t r o d e .  R a p id  I n d i r e c t  m e th o d s  o f  m e a su re m e n t  (9 )
(3 8 )  (4 5 )  h a v e  b e e n  d e v i s e d  b u t  r e s u l t s  f ro m  t h e s e  a r e  
a t  b e s t  o n ly  a p p r o x im a te  and  f r e q u e n t l y  u n r e l i a b l e .
A t n e u t r a l i t y  t h e  c o n c e n t r a t i o n  o f  h y d ro g e n
i o n s  e q u a l s  t h a t  o f  h y d r o x y l  i o n s  w h ich  p h y s i c a l  m e a s u re -
- 7  07m e n ts  h a v e  shown t o  b e  10 g r a m - io n s  p e r  l i t r e .
W ith  r i s i n g  a c i d i t y  t h e  h y d ro g e n  i o n s  e x c e e d  t h i s ,  w i t h  
a l k a l i n i t y  t h e  h y d r o x y l  i o n s .  The num bers  a r e  so  g r e a t  
t h a t  f o r  c o n v e n ie n c e  S o r e n s e n ' s  (4 1 )  d e v i c e  i s  a p p l i e d  
o f  u s i n g  m in u s  t h e  l o g a r i t h m ,  t h a t  i s  t h e  l o g a r i t h m  o f  
t h e  r e c i p r o c a l  r a t h e r  t h a n  t h e  num ber i t s e l f .  The f i g u r e  
t h u s  a r r i v e d  a t  i s  known a s  t h e  pH v a l u e .
The f a c t  t h a t  an  a c i d  s o i l  i n  a q u e o u s  s u s p e n ­
s i o n  d i s p l a y s  a  d e f i n i t e  h y d r o g e n  i o n  c o n c e n t r a t i o n ,  
t h e r e b y  i n d i c a t i n g  a c e r t a i n  am ount o f  d i s s o c i a t i o n  and 
t h e  v a r i o u s  phenomena s u r r o u n d i n g  th e  d e v e lo p m e n t  o f  
a c i d  on t r e a t i n g  s o i l s  w i th  s a l t  s o l u t i o n s  have  l e d  to  
t h e  c o n c e p t  o f  t h e  c o l l o i d a l  a b s o r b i n g  m a t e r i a l  a s  
" a c i d o i d "  i n  n a t u r e .  T h a t  i s ,  t h e  c o l l o i d a l  p a r t i c l e  
i s  v i s u a l i s e d  as  b e i n g  composed o f  a  l a r g e  c e n t r a l  
n e g a t i v e l y  c h a rg e d  c o r e  o r  s u p e r  a n i o n  h o l d i n g  a t  i t s  
s u r f a c e  a b s o r b e d  m e t a l l i c  c a t i o n s .  I f  t h e  q u a n t i t y  o f  
m e t a l l i c  i o n s  p r e s e n t  i s  n o t  s u f f i c i e n t  t o  n e u t r a l i s e
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a l l  t h e  " s u r f a c e  a c i d i t y "  t h e n  d i s s o c i a t e d  h y d ro g e n  
i o n s  w i l l  a p p e a r  s i d e  b y  s i d e  w i t h  t h e  o t h e r s  a s  s u r f a c e -  
bound  c a t i o n s .  T h e re  w i l l  t h e r e f o r e  be  a  maximum d i s s o c ­
i a t i o n  c a p a c i t y  f o r  an y  s o i l  d e p e n d in g  on t h e  a r e a  o f  
t h e  a b s o r b i n g  s u r f a c e  and  i t  a l s o  f o l l o w s  t h a t  t h e r e  
w i l l  b e  a  w h o le  r a n g e  o f  " s a l t s "  f ro m  th e  p o i n t  w here  
m e t a l l i c  c a t i o n s  b e g i n  t o  r e p l a c e  t h e  h y d ro g e n  r i g h t  t o  
t h e  c o m p le te  s a t i s f a c t i o n  o f  th e  c o m b in in g  pow er o f  t h e  
a c i d o i d  a n i o n  w i t h  s u c h  c a t i o n s .  The i d e a  i s  w e l l  i l l u s ­
t r a t e d  b y  Page ( 3 3 ) .  I f  t h e  a c i d o i d  a n i o n  b e  r e p r e s e n t e d  
b y  ( A c ) ,  t h e  t o t a l  a b s o r b i n g  c a p a c i t y  a s  1 0 0 ,  c a t i o n s  
o t h e r  t h a n  h y d ro g e n  b y  R* and  t h e  p r o p o r t i o n  o f  t h e  
c a p a c i t y  o c c u p ie d  b y  t h e s e  b y  x  t h e n  
(A c) 100 H’ 5 =* (Ac)
"  (Ac) 100 R"
I t  a p p e a r s  t h a t  th e  a c i d i t y  w h ic h  a  s o i l  w i l l  
d e v e lo p  d e p e n d s  on t h e  t o t a l  a b s o r b i n g  c a p a c i t y  and  t h e  
r e l a t i o n  b e tw e e n  t h e  p r o p o r t i o n s  o f  t h a t  c a p a c i t y  w h ic h  
a r e  o c c u p ie d  b y  h y d ro g e n  and  m e t a l l i c  c a t i o n s .
The o b s e r v a t i o n s  o f  Kappen (2 5 )  l e d  him  to  
p o s t u l a t e  f o u r  k i n d s  o f  s o i l  a c i d i t y  w h ich  h e  h a s  named 
" H y d r o l y t i c  A c i d i t y " ,  "E xchange  A c i d i t y " ,  " N e u t r a l  S a l t  
D e c o m p o s i t io n "  and  " A c t iv e  A c i d i t y " ,  b u t  on  c l o s e  exam­
i n a t i o n  a n d  t h e  a d m is s io n  o f  h y d ro g e n  a s  a n  e x c h a n g e a b le
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c a t i o n  t h e  d i f f e r e n c e s  b e tw e e n  t h e s e  em erge a s  b e i n g  o f  
d e g r e e  m e r e l y  an d  n o t  o f  k ind*
A t f i r s t  s i g h t  i t  w ou ld  a p p e a r  t o  b e  a  s im p le  
c h e m ic a l  o p e r a t i o n  t o  m e a su re  t h e  am ount o f  h y d ro g e n  
p r e s e n t  b u t  t h e  h y d ro g e n  i o n  a p p e a r s  t o  b e  much more 
s t r o n g l y  h e l d  b y  t h e  a b s o r b i n g  com plex  th a n  t h e  M e t a l l i c  
i o n s .  A g a in  s u c h  a  m e a su re m e n t  g i v e s  no  i n f o r m a t i o n  on 
t h e  am ount o f  b a s e s  p r e s e n t  u n l e s s  t h e  t o t a l  a b s o r p t i o n  
c a p a c i t y  i s  known. F u r t h e r ,  i t  i s  b e l i e v e d  t h a t  f o r  
c o m p l e t e l y  s u c c e s s f u l  g ro w th  o n ly  a b o u t  h a l f  t h e  t o t a l  
c a p a c i t y  n eed  b e  o c c u p ie d  b y  b a s e s ,  th o u g h  I n f o r m a t i o n  
as  t o  t h e  optimum p e r c e n t a g e  f o r  s p e c i f i c  p l a n t s  i s  
e x t r e m e l y  s c a n t y .
LIME REQUIREMENTS.
W hile  i n v e s t i g a t i o n s  i n t o  t h e  fu n d a m e n ta l  n a tu r e  
o f  th e  s o i l  co m p lex  and  s o i l  a c i d i t y  h a v e  b e e n  p r o c e e d i n g  
t h e r e  h a v e  b e e n  f ro m  t im e  t o  t im e  a t t e m p t s  t o  a p p l y  t h e  
a v a i l a b l e  know ledge  to  th e  p ro b le m  o f  a s c e r t a i n i n g  j u s t  
how much l im e  s h o u ld  be  g i v e n  t o  a n  a c i d  s o i l  t o  b r i n g  
i t  t o  a  s a t i s f a c t o r y  c o n d i t i o n  f o r  p l a n t  g r o w th .  The 
d e s i r a b i l i t y  o f  h a v i n g  d e f i n i t e  f i g u r e s  b a s e d  on  some 
a c c u r a t e  m e a su re m e n t  o f  th e  s o i l  p r o p e r t i e s  i s  p a t e n t ,  
no m a t t e r  w h a t  s u c c e s s  h a s  a t t e n d e d  e m p i r i c i s m  i n  th e  p a s t .  
R e a l i s i n g  t h a t  t h e  i n t e r a c t i o n  o f  l im e  w i t h
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s o i l  was an  a b s o r p t i o n  phenom enon, H u tc h in s o n  and  
McLennan (2 2 )  d e v i s e d  t h e i r  m ethod  o f  m e a s u r in g  t h e  
" l im e  r e q u i r e m e n t M o f  a  s o i l .  A w eighed  q u a n t i t y  o f  
s o i l  was t r e a t e d  w i t h  a  weak s o l u t i o n  o f  c a l c iu m  b i c a r b ­
o n a t e  and  a f t e r  r e g u l a r  s h a k in g  f o r  a  s p e c i f i e d  t im e  a n  
a l i q u o t  p o r t i o n  o f  t h e  f i l t r a t e  was t i t r a t e d .  From t h e  
d i f f e r e n c e  i n  s t r e n g t h  o f  t h e  f i l t r a t e  and  th e  o r i g i n a l  
s o l u t i o n  t h e  am ount o f  c a l c iu m  c a r b o n a t e  a b s o rb e d  was 
c a l c u l a t e d  a s  a p e r c e n t a g e  o f  t h e  s o i l .  T a k in g  an  
a v e r a g e  f i g u r e  f o r  t h e  s p e c i f i c  g r a v i t y  o f  s o i l  and  i t s  
d e p t h  as  n i n e  I n c h e s ,  e a c h  0 . 1  p e r  c e n t  r e p r e s e n t s  I n  
t h e  f i e l d  a p p r o x i m a te ly  1 t o n  p e r  a c r e .
T h is  m ethod  h a s  b een  l a r g e l y  em ployed and  i s  
t h e  one a d o p te d  m o st g e n e r a l l y  t h r o u g h o u t  B r i t a i n .  I t  
m akes no  d i r e c t  m e a su re m e n t  o f  a c i d i t y  b u t  s im p ly  s t a t e s  
how much l im e  t h e  f i n e  p a r t i c l e s  o f  t h e  s o i l  c a n  a b s o rb  
u n d e r  t h e  c o n d i t i o n s  o f  t h e  t e s t .  T h e re  i s  p r a c t i c a l l y  
no i n f o r m a t i o n  i n  t h i s  c o u n t r y ,  so f a r  a s  c a n  b e  g a t h e r e d ,  
a s  t o  how v e g e t a t i o n  h a s  r e s p o n d e d  t o  t r e a t m e n t  b a s e d  on 
t h i s  t e s t  com pared  t o  o t h e r  r a t e s  o f  l i m i n g .
A t a  l a t e r  d a t e  H ard y  & ^ e w is  (1 9 )  a d o p te d  
t h e  p l a n  o f  d e t e r m i n i n g  t h e  am ount o f  l im e  r e q u i r e d  t o  
r e d u c e  t h e  a c i d i t y  o f  s o i l s  t o  a  pH o f  7 . 0 .  They p r o -
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c e e d e d  b y  t r e a t i n g  t h e  s o i l  sam p le  w i t h  n e u t r a l  c a l c iu m  
c h l o r i d e  s o l u t i o n  and b y  a d d in g  c a l c iu m  h y d r o x id e  
s u c c e s s i v e l y  a t  s h o r t  i n t e r v a l s .  U s in g  th e  q u in h y d ro n e  
e l e c t r o d e ,  t h e  pH v a lu e  i s  t a k e n  a f t e r  e a c h  a d d i t i o n  o f  
h y d r o x id e  u n t i l  an a l k a l i n e  r e a c t i o n  i s  o b t a i n e d .  By 
p l o t t i n g  th e  r e s u l t s  t h e  am ount o f  c a l c i u m  h y d r o x id e  and 
h e n c e  c a l c iu m  c a r b o n a t e  r e q u i r e d  t o  g iv e  pH 7 .0  c a n  be  
r e a d  o f f ,  and e x p r e s s e d  a s  b e f o r e  a s  a  p e r c e n t a g e  o f  
t h e  s o i l .  The v a l u e s  o b t a i n e d  b y  t h i s  m ethod a r e  u s u a l l y  
h i g h e r  th a n  b y  t h e  H u tc h in s o n  and McLennan m e th o d .  
D e t e r m i n a t i o n s  a r e  how ever made much m ore r a p i d l y  and 
i n  t h e  p r o c e s s  th e  pH v a lu e  o f  t h e  s o i l  i s  r e c o r d e d .
W hile  a pH o f  7 .0  d o e s  n o t  n e c e s s a r i l y  mean 
t h a t  t h e  s a t u r a t i o n  c a p a c i t y  o f  t h e  s o i l  h a s  b e e n  com­
p l e t e l y  t a k e n  u p  b y  b a s e s  t o  t h e  t o t a l  e x c l u s i o n  o f  
h y d r o g e n ,  t h e  Hardy m eth o d  d o e s  s u p p ly  a  " l im e  r e q u i r e m e n t "  
f i g u r e  w h ic h  may m ore n e a r l y  a p p ro a c h  t h a t  th a n  t h e  
p r e v i o u s  m ethod  d i s c u s s e d  and c e r t a i n l y  t h a t  p a r t  o f  
t h e  c a p a c i t y  w h ic h  i s ,  so  t o  s p e a k ,  a t  a l l  e a g e r  f o r  
b a s e s  w i l l  be  s a t i s f i e d .  P e r h a p s  e v e n  m ore so  h e r e  th a n  
i n  t h e  e a r l i e r  c a s e  m e n t io n e d ,  i s  t h e r e  a  l a c k  o f  in f o r m ­
a t i o n  a s  t o  t h e  f l o r i s t i c  r e a c t i o n s  u n d e r  B r i t i s h  c l i m a t i c  
c o n d i t i o n s  f ro m  t r e a t m e n t  a t  r a t e s  i n d i c a t e d  b y  t h e  H ardy 
t e s t .
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RECENT WORK 
R e s u l t s  o f  w ork  c l o s e l y  p e r t i n e n t  t o  t h a t  
d e t a i l e d  l a t e r  a r e  n o t  num erous b u t  t h e  more i m p o r t a n t  
a r e  h e r e  n o t e d .
A t R o th a m s te d  (5 )  (3 8 )  f i g u r e s  b e a r i n g  on t h e  
p r e s e n t  d i s c u s s i o n  h a v e  b e e n  c o l l e c t e d  f ro m  t h e  e x p e r i ­
m e n ta l  h ay  p l o t s .  I n  m o st i n s t a n c e s ,  t h e  e f f e c t s  o f  l im e  
p l u s  f e r t i l i s e r s  w ere  b e i n g  o b s e rv e d  b u t  some d a t a  a r e  
a v a i l a b l e  w here  l im e  a lo n e  w as u s e d .  The p l o t s  o f  c o u r s e  
c o n t a i n e d  a  m ixed  p o p u l a t i o n ,  and t h e  i n t e r e s t  l i e s  i n  
n o t i n g  how t h e  l im e  h a s  c h a n g e d  t h e  pH v a l u e  and  th e  
p e r c e n t a g e  o f  e a c h  s p e c i e s  c o n t r i b u t i n g  t o  t h e  h e r b a g e .
An a b r i d g e d  t a b l e  i s  g iv e n  b e lo w : -
INFLUENCE o f  LIME a l o n e  on pH VALUE a n d  HERBAGE 
o f  ROTHAMSTED GRASS PLOTS; 1919 RESULTS.
No Lime Lime
pH o f  s u r f a c e  s o i l ....................... 5 .7 2 6 .8 8
pH o f  s u b s o i l ................................... 6 .1 6 6 .5 8
p e r  c e n t p e r  c e n t
A g r o s t i s  V u l g a r i s ......................... 8 .3 4 1 .5 3
A lo p e c u ru s  p r a t e n s l s .................. 0 .2 9 0 .6 1
A nthoxan thum  o d o r a tu m ............... 6 .9 7 3 .0 6
A r rh e n a th e ru m  a v e n a c e u m .......... 0 .2 9 0 .5 1
D a c t y l i s  g l o m e r a t a ....................... 8 . 3 4 7 .3 5
F e s t u c a  o v i n a . . . . .......................... 6 .6 8 5 .0 1
H o lcu s  l a n a t u s ................................. 9 .1 3 7 .6 6
Poa p r a t e n s l s ................................... 0 . 1 5 1 .9 4
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O ls e n  (2 9 )  e n d e a v o u re d  t o  show a  c o n n e c t i o n  
b e tw e e n  t h e  d i s t r i b u t i o n  o f  p l a n t s  and t h e  H y d ro g e n - io n  
c o n c e n t r a t i o n  o f  t h e  s o i l  b y  n o t i n g  t h e  p e r c e n t a g e  
f r e q u e n c y  w i t h  w h ic h  t h e  v a r i o u s  s p e c i e s  o c c u r r e d  on  
t h e  d i f f e r e n t  a r e a s  w h ich  h e  ex am in ed .  R u s s e l l  h a s  made 
u s e  o f  some o f  h i s  f i g u r e s  f ro m  w h ic h  a  s e l e c t i o n  i s  
h e r e  g i v e n : -
AVERAGE FREQUENCY o f  MEADOW SPECIES on 
SOILS o f  DIFFERENT pH VALUES.
pH C l a s s 3 . 5  -3 . 9
4 -
4 .4
4 .5
4 .9
5 -
5 . 4
5 . 5  -
5 .9
6 -
6 . 4
6 . 5  -
6 . 9
7 -
7 . 4
7 . 5  -
7 . 9
No. o f  
L o c a l ­
i t i e s  .
D e sc h a m p s ia  
f l e x • • • • • • 86 68 40 13
C a l lu n a  
v u l g a r i s . . 20 47 10 20 13
A g r o s t i s  
c a n i n a . . . . 100 100 73 48 45 10 20 39
F e s t u c a  
o v i n a .......... 100 47 35 20 20 50 12
A n th o x a n th u i  
o d o r a t u m . .
i
33 47 79 80 83 76 27 30 30 46
D e sc h a m p s ia
c a e s p i t o s a mm 40 67 62 33 52 23 33
A g r o s t i s  
a l b a ............. - - - - - - 30 65 60 7
I n  a n  e x t e n s i v e  s u r v e y  o f  f a r m s  i n  Sw eden, 
A r r h e n i u s  (4 )  fo u n d  t h a t  e a c h  p a r t i c u l a r  c r o p  was f r e q u ­
e n t l y  and  s u c c e s s f u l l y  c u l t i v a t e d  w i t h i n  c e r t a i n  l i m i t s  
o f  s o i l  h y d r o g e n - i o n  c o n c e n t r a t i o n  and  t h a t  b e y o n d  t h e s e
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l i m i t s  t h e  c r o p  was n o t  so  commonly o r  so  s u c c e s s f u l l y  
g row n . Thus h e  l e a r n e d  t h a t  t h e  s u c c e s s f u l  g ro w in g  o f  
B a r l e y  was m o st  u s u a l  b e tw e e n  pH 6 . 6  an d  7 . 5 ;  W heat 
b e tw e e n  pH 6 .0  and  7 . 5 ;  O a ts  b e tw e e n  pH 4 . 7  and  6 . 2 ;
Rye b e tw e e n  pH 4 .6  and  5 . 8 ;  T im o th y  b e tw e e n  pH 4 .7  and  5.8.
Such  w ork  a s  h a s  b e e n  d o n e  a l o n g  t h e  l i n e  o f  
c o r r e l a t i n g  p l a n t  g ro w th  w i t h  " l im e  r e q u i r e m e n t s "  h a s  
c o n s i s t e d  m a in ly  I n  o b s e r v i n g  t h e  p r e v a l e n c e  o f  c e r t a i n  
s p e c i e s  o r  a s s o c i a t i o n s  and t e s t i n g  th e  s o i l  i n  t h a t  
p a r t i c u l a r  v i c i n i t y ;  o r ,  w h ic h  i s  a lm o s t  t h e  sam e, 
t e s t i n g  a  num ber o f  s o i l s  and o b s e r v i n g  t h e  s p e c i e s  
w h ich  f l o u r i s h e d  on e a c h .  I n  a n  i n v e s t i g a t i o n  c o n d u c te d  
on t h i s  p r i n c i p l e  on H a rp e n d e n  Common b y  H u tc h in s o n  & 
McLennan (2 2 )  t h e y  fo u n d  t h e  f o l l o w i n g
LIME REQUIREMENT and  VEGETATION
A v erag e L .R .  o f  S o i l D o m in an t  F l o r a
A pprox . 0 .2 2 p e r  c e n t  CaCO'i T r i f o l i u m  r e p e n s .
" 0 .2 6 ft R U F e s t u c a  o v i n a  e t  r u b r a .
" 0 .3 9 n it G o rs e .
" 0 . 4 3 it n H o lc u s  l a n a t u s .
" 0 .5 3 it tt Rumex.
I n  a  som ew hat s i m i l a r  e n q u i r y  i n  W o o d lan d s ,  
S a l i s b u r y  (4 0 )  fo u n d  H o lc u s ,  A n th o x an th u m  an d  C n ic u s
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a t  a Lime R e q u i r e m e n t  o f  0 . 5 2  and  H o lc u s  end Anemone 
a t  0 . 6 2  p e r  c e n t  c a l c iu m  c a r b o n a t e .
S uch  r e s u l t s  a r e  o f  g r e a t  i n t e r e s t  and  i t  
i s  u n f o r t u n a t e  t h a t  f l o r i s t i c  d a t a  w h ere  t h e  H ard y  
l im e  r e q u i r e m e n t  m e th o d  was u s e d  a r e  n o t  a v a i l a b l e  f o r  
c o m p a r is o n  w i t h  t h o s e  w h ic h  a r e  p r e s e n t e d  i n  th e  
f o l l o w i n g  p a g e s .
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EXPERI MENTAL
DETAILS o f  PROCEDURE and FINDINGS 
w i t h
DISCUSSIONS o f  RESULTS
POT EXPERIMENTS
Long b e f o r e  t h e  commencement o f  o u r  e n q u i r i e s  
d e a l i n g  m ore p a r t i c u l a r l y  w i t h  th e  i n f l u e n c e  o f  t h e  l im e  
s t a t u s  on t h e  r e s p o n s e  o f  g r a s s e s ,  i t  w as f u l l y  r e a l i s e d  
t h a t  u n d e r  f i e l d  c o n d i t i o n s  a g r e a t  many a p p a r e n t  i n c o n ­
s i s t e n c e s  i n  b e h a v i o u r  e x i s t e d .  T h e se  i n c o n s i s t e n c e s  
m ig h t  a r i s e  f ro m  d i f f e r e n c e s  i n  any  o f  t h e  many e n v i r o n ­
m e n t a l  f a c t o r s  su c h  a s  i n h e r e n t  s o i l  p e c u l i a r i t i e s ,  
g e o g r a p h i c a l  a n d  t o p o g r a p h i c a l  s i t u a t i o n s ,  c u l t u r a l  
t r e a t m e n t s  a n d  g r a z i n g ;  o r  f ro m  d i v e r s i t y  o f  g e n e t i c a l  
c o n s t i t u t i o n .  O nly  t o  a l i m i t e d  e x t e n t ,  as p r e v i o u s l y  
p o i n t e d  o u t ,  c a n  g e n e t i c a l  u n i f o r m i t y  be o b t a i n e d  b u t  
by  th e  e x p e d i e n t  o f  p o t  c u l t u r e  e n v i r o n m e n ta l  d i f f e r ­
e n c e s  c a n  b e  r e d u c e d  to  a minimum. M o reo v er  i n  t h e  
c a s e  o f  g r a s s e s  t h e  d i v e r s i t y  o f  c o n d i t i o n s  u n d e r  w h ic h
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t h e y  g row , make i t  c e r t a i n  t h a t  th o u g h  t h e  p a r t i c u l a r  
s t r a i n  i s  i m p o r t a n t ,  t h e  i n f l u e n c e  o f  e n v i ro n m e n t  i s  
e v e n  m ore p ro n o u n c e d .
PURPOSE o f  EXPERIMENTS
To o b s e r v e  t h e  r e s p o n s e  w h ic h  t h e  p r i n c i p a l  
p a s t u r e  s p e c i e s  make on a c i d  s o i l  t o  a d d i t i o n s  o f  l i m e ,  
t h r e e  s e r i e s  o f  p o t  e x p e r i m e n t s  w ere  c o n d u c te d .  The 
f i r s t  s e r i e s  was d e v i s e d  f o r  o b s e r v a t i o n  o f  t h e  e f f e c t s  
o f  i n c r e m e n t s  o f  l im e  u p  t o  t h r e e  t i m e s  t h e  am ount 
i n d i c a t e d  b y  t h e  H a rd y  l im e  r e q u i r e m e n t  t e s t .  The 
s e c o n d  s e r i e s ,  c a r r i e d  o u t  a t  a  l a t e r  d a t e ,  w as  i n t e n d e d  
t o  s u p p ly  c o n f i r m a t i o n  o f  c e r t a i n  o b s e r v a t i o n s  made on 
t h e  f i r s t  s e r i e s ,  t o  t e s t  t h e  e f f e c t  o f  l im e  on s e e d l i n g  
n u m b e rs ,  a n d  t o  g i v e  c o m p a r i s o n s  b e tw e e n  s t r a i n s  o f  a  
few  s p e c i e s .  I n  t h e  t h i r d  s e r i e s  t h e  o b j e c t  was t o  
d i s c o v e r  w h e th e r  g ro w th  w ere  a d v e r s e l y  a f f e c t e d  b y  l a r g e  
am oun ts  o f  l im e .
POT EXPERIMENTS -  S e r i e s  I .
P r o c e d u r e  and  O b s e r v a t i o n s .
I n  S e r i e s  I  o r d i n a r y  c o m m e rc ia l  s e e d s  o f  t h e  
f o l l o w i n g  s p e c i e s  w ere  u s e d : -
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(1 )  L o l iu m  p e r e n n e ,  L .
( 2 )  D a c t y l i s  g l o m e r a t a ,  L . 
v3) Phleum  p r a t e n s e ,  L .
(4 )  F e s t u c a  e l a t i o r ,  L . , sub s p .
p r a t e n s l s ,  H a c k e l .
(5 )  C y n o su ru s  c r i s t a t u s ,  L .
(6 )  Poa t r i v i a l i s ,  L .
(7 )  A g r o s t i s  v u l g a r i s ,  W ith .
( 8 )  F e s t u c a  o v i n a ,  L .
The s o i l  f o r  t h i s  e x p e r i m e n t  w h ic h  may b e  d e s c r i b e d  
a s  a  l i g h t  humus lo a m ,  was o b t a i n e d  f ro m  B ra c o  i n  S o u th  
P e r t h s h i r e .  The p a r t i c u l a r  f i e l d  f ro m  w h ic h  t h e  s o i l  
was t a k e n  h ad  n o t  b e e n  l im e d  w i t h i n  memory and  was com­
p l e t e l y  o v e r r u n  w i t h  A g r o s t i s .  On t e s t i n g ,  t h e  pH v a l u e ,  
l im e  r e q u i r e m e n t  and  l o s s  on  I g n i t i o n  w ere  fo u n d  t o  b e  -
pH 4.9
Lime r e q u i r e m e n t  (H a rd y )  0 .4 1 6 #  CaC(> 3  
L o ss  on  I g n i t i o n  1 5 .  3 # .
U s in g  t h e  l im e  r e q u i r e m e n t  a s  t h e  u n i t  r a t e  o f  l i m i n g ,
t h e  s o i l  t r e a t m e n t s  f o r  e a c h  s p e c i e s  w e re  -
(1 )  C o n t r o l  -  No l i m e .
(2 )  C a lc iu m  c a r b o n a t e  a t  l im e  r e q u i r e m e n t  r a t e .
(3 )  C a lc iu m  c a r b o n a t e  a t  tw ic e  l im e  r e q u i r e m e n t
r a t e .
(4 )  C a lc iu m  c a r b o n a t e  a t  t h r i c e  l im e  r e q u i r e m e n t
r a t e .
S even  i n c h ,  u n g l a z e d  e a r t h e n w a r e  p o t s  w ere  e m p lo y e d .  A 
s u i t a b l e  w e i g h t  o f  s o i l  p e r  p o t  was fo u n d  t o  b e  1800 gms. 
The am o u n ts  o f  l im e  p e r  p o t  w ere  c a l c u l a t e d  a c c o r d i n g l y .  
F o r  c o n v e n ie n c e  o f  s o i l  t r e a t m e n t  a n d  o b s e r v a t i o n  o f  
e a r l y  g ro w th  t h e  i n i t i a l  s t a g e s  o f  t h e  e x p e r im e n t  w h ere
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c a r r i e d  o u t  i n  t h e  H o r t i c u l t u r a l  L a b o r a t o r y  o f  t h e  W est 
o f  S c o t l a n d  A g r i c u l t u r a l  C o l l e g e .  L a t e r ,  t h e  p o t s  w ere  
t r a n s f e r r e d  t o  t h e  g a r d e n s  a t  A u c h i n c r u i v e ,  A y r ,  w here  
e a c h  was su n k  t o  t h e  r im  i n  t h e  g ro u n d .
S e e d in g  t o o k  p l a c e  a t  t h e  m id d le  o f  May and 
e i g h t  d a y s  l a t e r  s h o o t s  b e g a n  t o  a p p e a r .  A f t e r  a  f u r t h e r  
s i x  d a y s  m o s t  o f  t h e  s p e c i e s  had  made s u f f i c i e n t  g ro w th  
t o  a l lo w  o f  c o m p a r in g  t h e  i n i t i a l  e f f e c t s  o f  t h e  t r e a t ­
m e n t s .
P r o g r e s s  was n o t e d  a t  r e g u l a r  i n t e r v a l s  
t h r o u g h o u t  t h e  tw o  and  a h a l f  y e a r s  o f  t h e  e x p e r i m e n t ’s 
d u r a t i o n .  The o b s e r v a t i o n s  on e a c h  s p e c i e s  a r e  su m m a r ise d  
b e lo w .  (The l e t t e r s  L .R .  a r e  u s e d  t o  i n d i c a t e  l im e  
r e q u i r e m e n t . )
L o l iu m  p e r e n n e . The s e e d l i n g  g ro w th  w as  
d e c i d e d l y  m ore v i g o r o u s  a n d  p r o f u s e  on  t h e  t r e a t e d  p o t s  
t h a n  on t h e  u n t r e a t e d .  D i f f e r e n c e s  am o n g st t h e  t r e a t e d  
p o t s  w ere  n o t  v e r y  s t r o n g  a t  f i r s t  b u t  2  L .R .  was 
s l i g h t l y  b e t t e r  t h a n  e i t h e r  1 LR. o r  3 L .R .  R i g h t  f ro m  
t h e  s e e d l i n g  s t a g e  t o  t h e  c o n c l u s i o n  o f  t h e  e x p e r i m e n t  
wNo l i m e ” g a v e  c o n s i s t e n t l y  t h e  p o o r e s t  g r o w th ,  t h e  
d i f f e r e n c e  b e tw e e n  i t  a n d  a n y  o t h e r  t r e a t m e n t  a lw a y s  
b e i n g  q u i t e  o b v i o u s .  W ith  t h e  p a s s a g e  o f  t im e  t h e  
d i f f e r e n c e  becam e more m ark ed  and  t h e  p l a n t s  showed a
P h o t o g r a p h  1 .
L o l iu m  p e r e n n e .  
J u n e  o f  s e c o n d  
y e a r .  L e f t  t o  
r i g h t ;  C o n t r o l ,
1 L . R . , 2 L . R . ,
3 L .R .
P h o t o g r a p h  2 .
D a c t y l i s  g l o m e r a t e .  
June of  s e c o n d  y e a r  
L e f t  t o  r i g h t ;  
C o n t r o l ,  1 L . R . ,
2 L . R . , 3 L .R .
P h o t o g r a p h  5 .
D a c t y l i s  g l o m e r a t a .  
May o f  t h i r d  y e a r .  
L e f t  t o  r i g h t ;  
C o n t r o l ,  1 L .R .
- 4 1 -
t e n d e n c y  t o  d i e  o f f  when w e a t h e r  c o n d i t i o n s  w ere  i n  
t h e  l e a s t  a b n o rm a l .
The r e s u l t s  f ro m  t h e  o t h e r  t r e a t m e n t s  w ere  
l e s s  d e f i n i t e .  W hile  3 L .R ,  g av e  t h e  g r e a t e s t  summer 
and  au tum n g ro w th  i t  was f o l l o w e d  c l o s e l y  b y  1 L .R .  
w h ic h  d u r i n g  m i d - w i n t e r  was g r e e n e s t  an d  showed m o s t  
g ro w th .  2 L .R .  d i d  n o t  m a i n t a i n  i t s  i n i t i a l  a d v a n t a g e .  
I t  was s u r p a s s e d  a t  t h e  end o f  t h e  f i r s t  y e a r  b y  1 L .R .  
and 3 L .R .  By t h e  seco n d  y e a r  i t  was much b e h in d  e i t h e r  
o f  t h e s e ,  b u t  b y  t h e  t h i r d  y e a r  i t  h a d  f u l l y  made u p  
t h e  le e w a y  and was q u i t e  a s  good a s  t h e  o t h e r s .  
( P h o to g r a p h  1 ) .
On t h e  w h o le ,  such  d i f f e r e n c e s  a s  e x i s t e d  
f ro m  t im e  t o  t im e  b e tw e e n  1 L . R . , 2 L .R .  a n d  3 L .R .  
w e re  l e v e l l e d  up  t i l l ,  a t  t h e  c o n c l u s i o n  o f  t h e  e x p e r i ­
m e n t ,  no  one c o u ld  b e  c l a im e d  a s  s u p e r i o r  t o  t h e  o t h e r s .
D a c t y l i s  g l o m e r a t a . The f,No l i m e ” t r e a t m e n t
for
g a v e ^ t h i s  g r a s s  a l s o  t h e  p o o r e s t  r e s u l t s  t h r o u g h o u t .
The d i f f e r e n c e  b e tw e e n  ”No l i m e ” and  a n y  o t h e r  t r e a t m e n t  
was a t  a l l  t im e s  v e r y  m a rk e d .
A t t h e  s e e d l i n g  s t a g e  t h e r e  was o n l y  a  f a i n t  
s h a d e  o f  d i f f e r e n c e  b e tw e e n  2 L .R .  an d  3 L .R .  th o u g h  
w h a t  l i t t l e  t h e r e  w a s ,  was i n  f a v o u r  o f  2 L .R .  The 
o r d e r  a t  t h i s  p e r i o d  was 2 L . R . ,  3 L . R . , 1 L .R .  a n d  "No
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Lime " .  T h e se  p o s i t i o n s  w ere  m a i n t a i n e d  r i g h t  on  t o  t h e  
au tum n (S e p te m b e r )  o f  t h e  f i r s t  y e a r .
By l a t e  au tum n (N ovem ber) a l l  s u f f e r e d  c o n s i d -  
][
e r a b l y  f ro m  " w i n t e r - b u r n "  th o u g h  3 L .R ,  was l e a s t  a f f e c t e d ,  
and  b y  m i d - w i n t e r  a l l  w ere s t r o n g l y  " b u r n e d " ,  b u t  t h e  
d i f f e r e n c e  i n  g ro w th  b e tw e e n  wNo l im e "  an d  3 L .R .  was 
s t i l l  v e r y  n o t i c e a b l e .
The f o l l o w i n g  y e a r  ( P h o to g r a p h  2) s a t i s f a c t o r y  
g ro w th  was g i v e n  b y  a l l  l im e  t r e a t m e n t s  w h i l e  "No l im e "  
was s t i l l  p o o r .  2 L .R .  a n d  3 L .R .  w ere  s l i g h t l y  d e n s e r  
t h a n  1 L .R . D u r in g  t h e  n e x t  w i n t e r  t h e  same r e l a t i v e  
s u s c e p t i b i l i t i e s  t o  w i n t e r - b u r n  a s  f o r m e r l y  w e re  n o t i c e d  
th o u g h  t h e  d i f f e r e n c e  b e tw e e n  3 L .R .  and t h e  o t h e r  t r e a t ­
m e n ts  was r a t h e r  s t r o n g e r  and  i n  s p r i n g ,  3 L .R .  h a v in g  
s u f f e r e d  l e a s t  s t a r t e d  i n t o  f r e s h  g ro w th  e a r l i e s t  and  
m o s t  v i g o r o u s l y .  T h is  was f o l l o w e d  b y  2 L .R .  w i t h  1 L .R .  
o n ly  a l i t t l e  l a t e r .  The same p r o f u s i o n  and d e n s e n e s s  
o f  g r o w th  on 2 L .R .  and  3 L .R .  a s  b e f o r e  w ere  c a r r i e d  
i n t o  t h e  t h i r d  y e a r ,  w h i l e  t h e  l a c k  o f  l im e  (P h o to g r a p h  
3 )  s t i l l  d e p r e s s e d  th e  g r o w th ,  t h e  p l a n t s  r e m a i n in g  weak 
an d  s t u n t e d  and r e t a i n i n g  t h e  b u r n  l a t e  i n t o  t h e  s p r i n g .
Phleum  p r a t e n s e . A g a in  t h e  "No l im e "  t r e a t m e n t  
g av e  t h e  p o o r e s t  r e s u l t s  o v e r  t h e  w h o le  p e r i o d  o f  t h e
jl The b ro w n in g  and  w i t h e r i n g  o f  l e a v e s .
P h o t o g r a p h  4 .
Phleum p r a t e n s e .  
J u n e  o f  s e co n d  y e a r  
L e f t  t o  r i g h t ;  
C o n t r o l ,  1 L .  R . ,
2 Li R . ,  3 L.  R.
P h o t o g r a p h  5 .
P e s t u c a  p r a t e n s l s .  
May o f  t h i r d  y e a r .  
L e f t  t o  r i g h t ;  
C o n t r o l ,  1 L .R .
P h o t o g r a p h  6.
P e s t u c a  p r a t e n s l s  
May o f  t h i r d  y e a r  
L e f t  t o  r i g h t ;  2 
L . R . , 3 L .R .
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t r i a l .  The i n i t i a l  o r d e r  o f  g r o w th ,  t h a t  i s  a t  t h e  
s e e d l i n g  s t a g e  -  2 L .R .  and  3 L .R .  e q u a l ,  1 L . R . ,  No 
l im e  -  w as f a i r l y  w e l l  m a i n t a i n e d  t h r o u g h o u t  t h e  summer 
and  au tum n  th o u g h  t h e  g ro w th s  on 1 L . R . ,  2 L . R . ,  and 3 
L .R . w e re  a l l  so s t r o n g  t h a t  t h e  d i f f e r e n c e s  w ere  s l i g h t  
and  1 L .R .  seem ed t o  b e  o v e r h a u l i n g  2  L .R .
I n  l a t e  au tum n and  on i n t o  m i d - w i n t e r  t h e  
g r e e n n e s s  was w e l l  m a i n t a i n e d  and l i k e w i s e  th e  b e t t e r  
g ro w th  f ro m  t h e  l im e  t r e a t m e n t s ,  -  e s p e c i a l l y  t h e  3 L . R . -  
o v e r  t h e  "No l i m e " .
The f o l l o w i n g  y e a r  t h e  b e n e f i t  o f  t h e  l im e  was 
s t i l l  m a n i f e s t  th o u g h  t h e  s l i g h t  f a l l i n g  b a c k  o f  2 L .R .  
w h ic h  had  b e e n  n o t e d  t h e  p r e v i o u s  au tum n becam e somewhat 
a c c e n t u a t e d  e s p e c i a l l y  a s  t h e  p l a n t s  grew  i n t o  e a r  
( P h o to g ra p h  4 ) .  M o reo v e r  t h e  e a r l y  d i f f e r e n c e  b e tw e e n  
"No l im e "  on t h e  one h an d  a n d  1 L .R .  and  2 L .R .  on  t h e  
o t h e r  was n o t  now so  g r e a t ,  and b y  t h e  s p r i n g  o f  t h e  
t h i r d  y e a r  th o u g h  i t  s t i l l  p e r s i s t e d  i t  was n o t  v e r y  
p ro n o u n c e d .  The 3 L .R .  showed u p  t o  g r e a t  a d v a n t a g e .
F e s t u c a  p r a t e n s l s . As i n  t h e  p r e v i o u s  c a s e s  
t h e  g ro w th  w i t h o u t  l im e  was p o o r e s t  f ro m  f i r s t  t o  l a s t .
1 L .R .  made s l i g h t l y  b e t t e r  g ro w th  i n  t h e  s e e d l i n g  s t a g e  
t h a n  2 L .R .  a n d  3 L .R .  b u t  a s  t h e  p l a n t s  g rew  m ore m a tu re
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t h e  d i f f e r e n c e s  b e tw e e n  t h e  l im e  t r e a t m e n t s  becam e l e s s  
m a rk e d .
A n o t i c e a b l e  f e a t u r e  w i t h  t h i s  g r a s s  was t h e  
i n c i d e n c e  o f  w i n t e r - b u r n .  By l a t e  a u tu m n , b u r n  was 
show ing  s t r o n g l y  on t h e  c o n t r o l s  b u t  on a l l  o t h e r s  t h e  
l im e  h ad  a p p a r e n t l y  d e l a y e d  i t ;  b y  m i d - w i n t e r ,  h o w e v e r ,  
a l l  w ere  much a f f e c t e d  th o u g h  n o t  n e a r l y  t o  t h e  same 
e x t e n t  a s  t h e  c o n t r o l s .
The a d v a n ta g e  g a in e d  f ro m  t h e  l im e  c o n t i n u e d  
t o  b e  e v i d e n t  t i l l  t h e  c o n c l u s i o n  o f  t h e  t r i a l  ( P h o to ­
g r a p h  5 )  b u t  no  a d d i t i o n a l  b e n e f i t  a c c r u e d  f ro m  t h e  
h e a v i e r  r a t e s  ( P h o to g r a p h  6 ) .
C y n o su ru s  c r i s t a t u s . A t t h e  f i r s t  s ta g e ^  2 L .R .  
and  3 L .R .  w e re  a  v e r y  l i t t l e  b e f o r e  1 L .R .  and  a l l  showed 
e a r l i e r  and s t r o n g e r  g r o w th  t h a n  "No l i m e " .  A t a  l a t e r  
p e r i o d  3 L .R .  had  t h e  m o st v i g o r o u s  g ro w th  b u t  t h i s  was 
n o t  m a i n t a i n e d  ( P h o to g r a p h  7 ) .  A l l  showed s e v e r e  w i n t e r -  
b u r n  i n  l a t e  au tum n b u t  a s  t h e  w i n t e r  p r o g r e s s e d  t h i s  
was s e e n  t o  b e  m ore p ro n o u n c e d  on  t h e  c o n t r o l s  th a n  w h ere  
l im e  h a d  b e e n  a p p l i e d .  W hile  3 L .R . c o u ld  n o t  be  s a i d  
t o  p ro d u c e  a g r e a t e r  b u l k  t h a n  t h e  o t h e r s ,  t h e  g r a s s  
f ro m  t h i s  t r e a t m e n t  s t a r t e d  i n t o  g ro w th  e a r l i e r  i n  s p r i n g  
g i v i n g  p l a n t s  much t a l l e r  and  g r e e n e r  t h a n  t h e  o t h e r s .
P h o t o g r a p h  V.
C y n o su ru s  c r i s t a -  
t u s . J u n e  o f  
s e c o n d  y e a r .  L e f t  
t o  r i g h t ;  C o n t r o l ,  
1 L . R . , 2 L . R . ,
3 L .R .
P h o t o g r a p h  8 .
Poa t r i v i a l i s . 
June  o f  s e c o n d  
y e a r .  L e f t  t o  
r i g h t ;  C o n t r o l ,  
1 L . R . , 2 L . R . ,  
3 L .R .
P h otograp h  9 .
F e s t u c a  o v i n a .  
June  o f  s e c o n d  
y e a r .  L e f t  t o  
r i g h t ;  C o n t r o l ,  
L . R . j  2 L . R . , 
3 L .R .
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Poa t r l v l a l l s . The s e e d l i n g  g ro w th  o r d e r  -  
3 L . R . ,  2 L . R . ,  1 L .R .  and  ”No l i m e ” was m a i n t a i n e d  
t h r o u g h o u t  summer, au tum n  and w i n t e r  and was s t i l l  
e v i d e n t  t h e  f o l l o w i n g  y e a r  when t h e  p l a n t s  r e a c h e d  
m a t u r i t y  ( P h o to g r a p h  8 ) .  The g ro w th  on 3 L .R .  and  2, L .R .  
was a lw a y s  v e r y  s t r o n g  and d e n s e ,  w h e r e a s  on 1 L .R .  and 
t h e  c o n t r o l s  i t  was much w e a k e r  and o p e n e r .  W i n t e r - b u r n  
s t r o n g l y  a f f e c t e d  a l l ,  th o u g h  ”No l i m e ” s u f f e r e d  more 
s e v e r e l y  t h a n  t h e  o t h e r s .  Even  a t  m i d - w i n t e r  t h e r e  was 
a  p r o g r e s s i v e l y  s t r o n g e r  g ro w th  w i t h  i n c r e a s i n g  l i m e .
F e s t u c a  o v i n a . T h i s  was t h e  o n l y  s p e c i e s  
t e s t e d  w h ere  t h e  i n i t i a l  g ro w th  a p p e a r e d  t o  b e  r e t a r d e d  
b y  t h e  h e a v i e r  am o u n ts  o f  l i m e .  1 L .R .  h o w ev er  gave  
p r a c t i c a l l y  t h e  same e f f e c t  a s  wNo l i m e ” . The same 
o r d e r  -  p r o g r e s s i v e l y  p o o r e r  f ro m  ”No l im e "  t o  3 L . r . -  
p e r s i s t e d  t i l l  t h e  f i r s t  a u tu m n . At t h i s  t im e  th o u g h  
a l l  r e m a in e d  v e r y  g r e e n  t h e  "No l i m e ” b e g a n  t o  show j u s t  
t r a c e s  o f  b u r n .  By m i d - w i n t e r  i t  was d e c i d e d l y  more 
b u r n e d  t h a n  t h e  o t h e r s .  The f re e d o m  f ro m  b u r n  w here  
l im e  was g i v e n ,  e s p e c i a l l y  3 L . R . ,  a l l o w i n g  b e t t e r  s u r ­
v i v a l  o f  t h e  w i n t e r ,  e n a b l e d  g ro w th  t o  commence e a r l i e r .  
( T h i s  was n o t i c e d  i n  b o t h  t h e  s e c o n d  and  t h i r d  y e a r s . )
As a  r e s u l t  o f  t h i s ,  f l o w e r i n g  o c c u r r e d  s o o n e r  on t h e
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l im e d  p o t s  ( P h o to g r a p h  9 )  b u t  b y  t h e  t im e  t h i s  was t a k i n g  
p l a c e  t h e  "No l im e "  h ad  q u i t e  a s  much l e a f  d e v e lo p m e n t  a s  
t h e  o t h e r s  and was s l i g h t l y  g r e e n e r .
A g r o s t i s  v u l g a r i s . At t h e  f i r s t  s t a g e  3 L .R . 
h ad  t h e  b e s t  g r o w th ,  t h e  o t h e r s  b e i n g  e q u a l .  Growth 
was v e r y  s lo w  b u t  b y  au tum n t h e  c o n t r o l s  w ere  s l i g h t l y  
b e t t e r  t h a n  t h e  o t h e r s .  V e ry  l i t t l e  w i n t e r - b u r n  was 
shown by  a n y .  As t h e  t r i a l  p r o g r e s s e d  t h e  g ro w th  on 
t h e  l im e d  p o t s  was a l i t t l e  t h i c k e r  t h a n  on  t h e  "No l i m e " ,  
th o u g h  a t  no  t im e  was t h e  d i f f e r e n c e  v e r y  m a rk e d .  I n  
S p r in g  t h e  "No l im e "  was g r e e n e s t .
POT EXPERIMENTS -  S e r i e s  I I .
P r o c e d u r e .
W hereas  i n  S e r i e s  I  o n l y  one s o i l  was u s e d ,  
i n  S e r i e s  I I ,  t h r e e  s o i l s  w ere  em ployed  so t h a t  t h e  
b e h a v i o u r  o f  t h e  v a r i o u s  g r a s s e s  m ig h t  b e  o b s e rv e d  on 
s o i l s  o f  d i f f e r e n t  c h a r a c t e r ,  n o t  o n l y  i n  t h e i r  o r i g i n a l  
u n t r e a t e d  s t a t e  b u t  a f t e r  a d d i t i o n s  o f  l im e  t o  c o u n t e r a c t  
t h e i r  a c i d i t y .
The f i r s t  s o i l ,  o b t a i n e d  f ro m  M o r r i s t o n ,  S o u th  
A y r s h i r e ,  was l i g h t  and  f r i a b l e  t e n d i n g  t o  b e  f i n e l y  
s a n d y  w i t h  a  r a t h e r  low o r g a n i c  m a t t e r  c o n t e n t  and  d e c i d e d ­
l y  a c i d  a s  i n d i c a t e d  b y  t h e  l im e  r e q u i r e m e n t  and  t h e  pH 
v a l u e .  I t  w i l l  b e  r e f e r r e d  t o  a s  t h e  " M o r r i s t o n "  s o i l .
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The s e c o n d  was o b t a i n e d  f ro m  L a d y m u ir ,  W est R e n f r e w s h i r e  
and  w i l l  b e  r e f e r r e d  t o  a s  t h e  "L ad y m u ir"  s o i l .  I t  t e n d e d  
t o  b e  p e a t y  i n  c h a r a c t e r ,  h a v i n g  a v e r y  h i g h  o r g a n i c  
m a t t e r  c o n t e n t  and  b e i n g  v e r y  s t r o n g l y  a c i d .  The t h i r d  
s o i l ,  f ro m  E a s tw o o d ,  E a s t  R e n f r e w s h i r e  was a  c l a y  loam  
c o n t a i n i n g  an am ount o f  o r g a n i c  m a t t e r  b e tw e e n  t h o s e  
o f  M o r r i s t o n  and  L ad y m u ir  and  h a v in g  o n l y  a  v e r y  f a i n t  
a c i d i t y .
TABLE I .  SOIL DATA.
S o i l
Lime r e q u i r e m e n t  
% CaC03 pH v a l u e
O rg a n ic  M a t t e r . *  
l o s s  on i g n i t i o n )
M o r r i s t o n . . .3 0 0 4 .9 8 6 . 5
L a d y m u i r . . . 1 .0 2 4 .2 7 3 2 .5
E a s t w o o d . . . .0 4 2 6 .4 5 1 3 .7
SOIL TREATMENT
I n  v ie w  o f  t h e  f a c t  t h a t  i n  S e r i e s  I  a l t h o u g h  
a  d e c i d e d  b e n e f i t  was u s u a l l y  o b t a i n e d  f ro m  l im e  t h e r e  
was n o t  a lw a y s  much a d d i t i o n a l  g a i n  f ro m  i n c r e m e n t s  u p  
t o  t h r e e  t i m e s  t h e  l im e  r e q u i r e m e n t ;  and  i n  o r d e r  t o  
k e e p  t h e  e x p e r im e n t  w i t h i n  m a n a g e a b le  d im e n s io n s  a  jump 
was made f ro m  1 L .R .  t o  4 L .R .  o m i t t i n g  i n t e r m e d i a t e
x  O rg a n ic  m a t t e r  i s  t a k e n  t h r o u g h o u t  a s  e q u i v a l e n t  
t o  l o s s  on i g n i t i o n .
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i n c r e m e n t s  on  t h e  a c i d  s o i l s .  To E a s tw o o d  s o i l ,  h a v in g  
p r a c t i c a l l y  no l im e  r e q u i r e m e n t  no  t r e a t m e n t  was g i v e n  
i n  t h i s  e x p e r i m e n t .  ( i n  a  s u b s e q u e n t  e x p e r i m e n t ,  t o  b e  
n o t e d  l a t e r ,  h e a v y  in c r e m e n t s  o f  l im e  w ere  g i v e n . ) The
s o i l s  and  t r e a t m e n t s  on  w h ic h  e a c h  s p e c i e s  o r  s t r a i n  w as
grown w ere  t h e r e f o r e  a s  f o l l o w s : -
M o r r i a t o n :  C o n t r o l  -  No l i m e ,  1 L . R . ,  4 L .R .
L a d y m u ir :  C o n t r o l  -  No l i m e ,  1 L . R . ,  4 L . h .
E a s tw o o d :  No t r e a t m e n t .
SPECIES and  STRAINS
Of l a t e  y e a r s  t h e  q u e s t i o n  o f  t h e  p a r t i c u l a r  
s t r a i n  o f  a g r a s s  u s e d  h a s  becom e o f  c o n s i d e r a b l e  im p o r ­
t a n c e  . I n v e s t i g a t i o n s  so f a r  h a v e  b e e n  m a i n l y  a l o n g  t h e  
g e n e r a l  l i n e s  o f  r e l a t i v e  p e rm a n e n c e  and  s u i t a b i l i t y  f o r  
e i t h e r  h a y  p r o d u c t i o n  o r  g r a z i n g .  A p p a r e n t l y  few  a t t e m p t s  
h a v e  y e t  b e e n  made t o  a s c e r t a i n  t h e  i n f l u e n c e  o f  t h e  
v a r i o u s  s o i l  f a c t o r s  on d i f f e r e n t  s t r a i n s  o f  t h e  same 
s p e c i e s . *  As s o i l  a c i d i t y  i s  a  f a c t o r  w h ic h  h a s  t o  b e  
r e c k o n e d  w i t h  on so  many s o i l s  w h e re  t h e s e  g r a s s e s  a r e  
r e q u i r e d  t o  g row , i t  w as  d e c i d e d  t o  t e s t  t h e  r e s p o n s e  t o  
l i m e  o f  t h e  p r i n c i p a l  s t r a i n s  o f  t h e  m ore i m p o r t a n t  s p e c i e s .
x  S in c e  w r i t i n g  t h e  a b o v e ,  t h e  W elsh  P l a n t  B r e e d in g  
S t a t i o n  h a s  i s s u e d  t h e  r e s u l t s  o f  t r i a l s  w i t h  
p e d i g r e e  s t r a i n s  o f  h e r b a g e  g r a s s e s ,  w here  t h e  
e f f e c t s  o f  n i t r o g e n  a r e  c o m p a re d .  B u i . 1 3 . S e r i e s  H.
49-
The s p e c i e s  and s t r a i n s  s t u d i e d  I n  t h i s  s e r i e s  w ere  -  
TABLE 1 1 .  SPECIES an d  STRAINS. 3ERIE3 I I .
S p e c i e s  S t r a i n
L o liu m  p e r e n n e ,  L . A y r s h i r e
L o l iu m  p e r e n n e ,  L . K en t I n d ig e n o u s
D a c t y l i s  g lo m e r a ta ,  L . D a n is h
D a c t y l i s  g l o m e r a t a ,  L . New Z e a la n d
D a c t y l i s  g l o m e r a t a ,  L .  W elsh*
Phleum  p r a t e n s e ,  L . S c o tc h
Phleum  p r a t e n s e ,  L . G l o r i a .
Ph leum  p r a t e n s e ,  L . W elsh*
A lo p e c u r u s  p r a t e n s i s ,  L.
Poa t r i v i a l i s ,  L .
F o r  e a c h  p o t ,  f i f t y  a p p a r e n t l y  sound  s e e d s  w ere  
c o u n te d  o u t  and  p l a n t e d  a t  r e g u l a r  i n t e r v a l s  h a l f  an  i n c h  
b e low  t h e  s u r f a c e .  As t h e  s e e d l i n g s  a p p e a r e d ,  c o u n t s  
w ere  made on  e a c h  p o t  a t  i n t e r v a l s  o f  a  few  d a y s .  T h i s  
was r e p e a t e d  u n t i l  n o  f u r t h e r  i n c r e a s e  i n  t h e  n u m b ers  
was o b t a i n e d .  T h e se  num bers  w e re  co m p ared  w i t h  t h e  
o f f i c i a l  g e r m i n a t i o n  p e r c e n t a g e s .  When c r o w d in g  b eg a n  
t h e  p l a n t s  w ere  t h i n n e d  o u t .  I n  e v e r y  po t c e r t a i n  p l a n t s  
t e n d e d  t o  b e  t a l l e r  and m ore r o b u s t  t h a n  t h e i r  n e i g h b o u r s  
b u t  t h e  p l a n t s  a l l o w e d  to  r e m a in  w e r e ,  a s  n e a r l y  a s  c o u ld  
b e  j u d g e d ,  a v e r a g e  f o r  t h e i r  p a r t i c u l a r  p o t .
The m e a s u re m e n ts  and o b s e r v a t i o n s  on e a c h  o f  
t h e  g r a s s e s  a r e  g i v e n  i n  t h e  o r d e r  i n  w h ic h  t h e s e  a r e  
*  S t r a i n s  e m a n a t in g  f ro m  t h e  W elsh  P l a n t  B r e e d in g  S t a t i o n ,
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m e n t io n e d  i n  T a b le  1 1 .  The s e e d s  w ere  sown on May 22nd 
i n  a l l  c a s e s  w i t h  t h e  e x c e p t i o n s  o f  A lo p e c u ru s  p r a t e n s i s  
and  Poa t r i v i a l i s  w h ich  w ere  sown two d a y s  l a t e r .
LOLIUM PERENNE
TABLE I I I .  LOLIUM PERENNE -  AYRSHIRE.
S e e d l i n g  C o u n ts  a s  P e r c e n t a g e  o f  
S ee d s  sown. O f f i c i a l  G e r m in a t io n ,  9 1 # .
S o i l s M o r r i s t o n L ad y m u ir E astw ood
T r e a tm e n t s Con­t r o l 1 L .R .  4 L .R .
Con­
t r o l 1 L .R .  4 L .R . N i l
D ays a f t e r  
so w in g
10 64 83 90 72 88 90 94
15 80 88 92 72 88 92 94
17 82 88 92 78 88 92 96
22 82 88 92 76 86 94 96
39 64 86 92 72 86 94 88
I n  t h e  e a r l i e s t  s t a g e  t h e  p l a n t s  w ere  s t r o n g e s t  
on L a d y m u ir  4 L .R .  G row th  h e r e  jyas v e r y  r e g u l a r  an d  a t  10 
d a y s  a f t e r  s o w in g ^ th e  s h o o t s  w e re  f ro m  t o  f H i n  h e i g h t .  
N ext i n  a p p e a r a n c e  and  a l m o s t  a s  g o o d ,  w as M o r r i s t o n  4 L .R .  
M o r r i s t o n  1 L . R . ,  L a d y m u ir  1 L .R .  and E a s tw o o d  w e re  e q u a l  
a t  i " ,  w h i l e  on t h e  M o r r i s t o n  and L a d y m u ir  c o n t r o l s  t h e  
s h o o t s  w e re  j u s t  e m e rg in g  from  t h e  s o i l .
D u r in g  t h e  n e x t  m onth  g ro w th  p r o c e e d e d  c o n t i n -
P h o to g ra p h  10 .
L o l iu m  p e r e n n e  - 
A y r s h i r e .  J u l y .  
B ack ,  M o r r i s t o n  
s o i l ,  l e f t  t o  r i g h t  
C o n t r o l ,  1 L . R . ,
4 L . R . ,  F r o n t ;  
E a s tw o o d  s o i l .
P h o t o g r a p h  1 1 .
L o l iu m  p e r e n n e  -  
A y r s h i r e .  M o r r i ­
s t o n  s o i l .  J u l y .  
L e f t  t o  r i g h t ;  
C o n t r o l ,  1 L . R . ,
4 L .R .
P h o t o g r a p h  12 .
D a c t y l i s  g l o m e r s t a  
D a n i s h .  M o r r i s t o n  
s o i l ,  J u l y .  L e f t  
t o  r i g h t ;  C o n t r o l ,  
4 L .R .
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u o u s l y  and  r a p i d l y  on th e  M o r r i s t o n  and  E astw ood  s o i l s  
w h i l e  on  t h e  L a d y m u ir  s o i l  g ro w th  was v e r y  s low  and b y  
t h e  t im e  t h e  f i n a l  c o u n t s  w ere  m a d e 'M o r r i s t o n  and  E astw ood  
h a d  q u i t e  o u t s t r i p p e d  L a d y m u ir .  M oreover  on L adym uir  t h e  
p l a n t s  on a l l  t h e  t r e a t m e n t s  w ere  a lm o s t  t h e  same s i z e  -  
2 "  h i g h  on t h e  a v e r a g e ,  w h i l e  t h e r e  was a  p r o g r e s s i v e  
i n c r e a s e  on t h e  M o r r i s t o n  s o i l .  ( P h o to g r a p h  1 0 ) .  The 
a v e r a g e  h e i g h t s  w ere  -  C o n t r o l  2 ^ ” ; 1 L . R . , 2 ^ " ;  4 L .R .
3 ” . E astw ood  was e q u a l  t o  M o r r i s t o n  1 L .R .  I t  was 
o b s e r v e d  a t  t h i s  t im e  t h a t  t i l l e r i n g  h ad  commenced on 
t h e  M o r r i s t o n  and  E a s tw o o d  s o i l s ,  i n c r e a s i n g  i n  am ount 
w i t h  t h e  I n c r e a s e  i n  l im e .
To e n s u r e  t h a t  t h e  p l a n t s  w ere  s t r o n g  en o u g h  
t o  w i t h s t a n d  t h e  d i s t u r b a n c e  d u e  t o  t h i n n i n g  a  f u r t h e r  
t e n  d a y s  w e re  a l lo w e d  t o  e l a p s e  b e f o r e  c a r r y i n g  o u t  t h i s  
o p e r a t i o n .  By t h e n  t h e  L ad y m u ir  p l a n t s  w ere  o v e rc o m in g  
t h e i r  p e r i o d  o f  c h e c k  a n d  w ere  m ak ing  m ore h e a l t h y  g r o w th .  
T h i s  was e s p e c i a l l y  so  i n  t h e  c a s e  o f  4 L .R .  w h ich  was 
sh o w in g  t w i c e  a s  much l e a f  g r o w th  a s  t h e  o t h e r s  w h ic h  
s t i l l  w ere  e q u a l .  On th e  M o r r i s t o n  s o i l  t h e  same o b v io u s  
I n c r e a s e  w i t h  i n c r e a s e d  l im e  o b t a i n e d .  The m o s t  r e g u l a r  
g r o w th ,  t h a t  i s  t h e  g r e a t e s t  u n i f o r m i t y  o f  h e i g h t  was 
s e e n  on t h e  E astw ood  s o i l  th o u g h  t h e  p l a n t s  d i d  n o t
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t h i c k e n  o u t  t o  t h e  same e x t e n t  a s  w h ere  h e a v y  l i m i n g  had  
b e e n  g i v e n .  W hile  t h i n n i n g  was i n  p r o g r e s s  t h e  o p p o r tu n ­
i t y  was t a k e n  t o  o b s e r v e  w h e th e r  t h e  t r e a t m e n t s  h a d  i n  
a n y  w ay  i n f l u e n c e d  th e  r o o t  d e v e lo p m e n t .  I t  had  d o n e  so 
i n  m arked  d e g r e e .  A t f i r s t  i t  was n o t i c e d  t h a t  i n  a t t e m p t ­
i n g  t o  p u l l  u p  i n d i v u d u a l  p l a n t s  b y  thum b and  f i n g e r ,  t h o s e  
on t h e  c o n t r o l s  came away r e a d i l y ,  t h o s e  on 1 L .R .  w i t h  
d i f f i c u l t y  an d  much b r e a k i n g  o f  t h e  r o o t s ,  t h o s e  on 4 
L .R .  c o u ld  n o t  b e  d i s l o d g e d  i n  t h i s  m a n n e r .  When p l a n t s  
w ere  c a r e f u l l y  d u g  up  i t  was fo u n d  t h a t  t h e  r o o t s  on  t h e  
c o n t r o l s  w ere  c o m p a r a t i v e l y  s h a l lo w  w i t h  h a r d l y  a n y  
r a m i f i c a t i o n .  Those o n  1 L .R .  w ere  d e e p e r  and m ore b r a n c h e d  
w h i l e  on 4 L .R .  t h e  r o o t s  h ad  p e n e t r a t e d  s t i l l  more d e e p l y  
and  h a d  s p r e a d  o u t  a  w id e  n e tw o r k  o f  f i b r o u s  r o o t l e t s .  
( P h o to g r a p h  1 1 ) .
I n  e a r l y  au tu m n  -  S e p te m b e r  -  t i l l e r  c o u n t s  
and  l e a f  m e a s u re m e n ts  w ere  made t o  d e t e r m i n e  t h e  d i r e c t i o n s  
im w h ich  g ro w th  w as b e i n g  i n f l u e n c e d .  T h e se  a r e  g i v e n  i n  
T a b le  IV a s  a v e r a g e s  p e r  p l a n t .  The l e a f  m e a s u re m e n ts  
w ere  t a k e n  f r o m  t h e  s o i l  l e v e l  t o  t h e  t i p s  o f  t h e  b l a d e s  
so  t h a t  t h e  two f i g u r e s  -  num ber o f  t i l l e r s  and  a v e r a g e  
l e a f  l e n g t h  -  t a k e n  t o g e t h e r  g i v e  an  i n d i c a t i o n  o f  t h e  
am ount o f  g ro w th  and  w h e th e r  t h a t  am ouht i s  d e p e n d e n t  
m a in ly  on e l o n g a t i o n  o f  s te m  a n d  l e a f  o r  u p o n  a  m u l t i p l i ­
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c a t i o n  o f  s h o o t s .
TABLE IV. L . PERENNE -  AYRSHIRE.
A v e ra g e  Number o f  T i l l e r s  p e r  P l a n t  
and L e a f  L e n g th s .______ S e p te m b e r .
S o i l T r e a tm e n t T i l l e r s L e a f  L e n g th s ,  I n c h e s
M o r r i s t o n .......... C o n t r o l 21 5
1 L .R . 65 9it 4 L .R . 73 8
L a d y m u ir ............. C o n t r o l 25 7w 1 L .R . 2 5 .5 6 .4H 4 L .R . 42 7
E a s tw o o d ............. N i l 39 6 . 3
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O b e e r v a t i o n s  and  c o u n t s  w ere  made on t h e  K ent
I n d ig e n o u s  s t r a i n  a s  i n  t h e  c a s e  o f  t h e  A y r s h i r e  and  a r e
g i v e n  b e lo w  -
TABLE V. LOLIUM PERENNE -  KENT INDIGENOUS.
S e e d l i n g  C o u n ts  a s  P e r c e n t a g e s  o f  S eed s  Sown. 
___________ O f f i c i a l  G e r m in a t io n ,  8 7# .___________
S o i l s M o r r i s t o n L adym uir E as tw o o d
T r e a tm e n t s Con­ 1 L .R .  4 L .R . Con­ 1 L .R . 4 L.R, N i l
t r o l t r o l
Days a f t e r
sow ing
10 44 61 54 44 68 64 60
15 72 80 60 72 76 72 60
17 80 80 64 70 74 74 70
22 80 82 72 70 82 76 74
39 70 80 70 46 74 76 74
A t t h e  f i r s t  s t a g e  t h e  K e n t i s h  s t r a i n  showed 
v e r y  much p o o r e r  g ro w th  a l l  o v e r  t h a n  t h e  A y r s h i r e .  1 
L .R .  a n d  4 L .R .  on b o t h  M o r r i s t o n  and L adym uir  made g ro w th  
s i m i l a r  t o  t h a t  on  t h e  c o r r e s p o n d i n g  c o n t r o l s  o f  t h e  A y r­
s h i r e  s t r a i n .  A c o m p a r is o n  o f  t h e  c o u n t s  a t  10 d a y s  show 
them t o  b e  o f  t h e  same o r d e r .  The s e e d l i n g s  on  t h e  M o r r i s ­
t o n  a n d  L a d y m u ir  c o n t r o l s  and  on E astw ood  w ere  j u s t  
a p p e a r i n g  t h r o u g h  t h e  s o i l .
G row th p r o c e e d e d  r e g u l a r l y  on t h e  M o r r i s t o n  and
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E a s tw o o d  s o i l s ,  b e i n g  g r e a t e r  w i t h  t h e  a d d i t i o n s  o f  l i m e .  
On t h e  L adym uir  s o i l  t h e  p l a n t s  a l l  r e m a in e d  s m a l l  and 
on t h e  c o n t r o l s  w ere  u n h e a l t h y  l o o k i n g ,  many o f  them  
b e g i n n i n g  t o  w i t h e r  and  d i e  so o n  a f t e r  com ing  th r o u g h  t h e  
s o i l .  W hile  t h e  p l a n t s  on L ad y m u ir  1 L .R .  and 4 L .R .  w e re  
n o t  so num erous a s  t h o s e  o f  t h e  A y r s h i r e  s t r a i n  on t h e  
c o r r e s p o n d i n g  s o i l s ,  t h e y  w ere  q u i t e  a s  h e a l t h y  i n  a p p e a r ­
a n c e .  A t f o u r  w eeks f ro m  th e  f i r s t  c o u n t ,  t i l l e r i n g  h ad  
b e g u n  on E a s tw o o d  an d  M o r r i s t o n  1 L .R .  a n d  was p r o c e e d i n g  
s t r o n g l y  on M o r r i s t o n  4 L .R .  I t  h ad  n o t  y e t  commenced on 
M o r r i s t o n  c o n t r o l s  n o r  on a n y  o f  t h e  L a d y m u ir  p o t s .  The 
a v e r a g e  h e i g h t s  a t  t h i s  t im e  w e r e : -
th e  p l a n t s  on t h e  M o r r i s t o n  a n d  E as tw o o d  s o i l s .  The same 
s u p e r i o r  g ro w th  w i t h  i n c r e a s e d  l im e  w as c l e a r  a s  b e f o r e .  
On E as tw o o d  t h e  same u n i f o r m i t y  o f  g ro w th  was s e e n  a s  
p r e v i o u s l y  n o t e d  i n  t h e  c a s e  o f  t h e  A y r s h i r e  s t r a i n  and 
a l s o  a s  b e f o r e ,  t i l l e r i n g  was n o t  t a k i n g  p l a c e  t o  t h e  
same e x t e n t  a s  on t h e  M o r r i s t o n  s o i l .
" 1 L .R .
* 4 L .R .
E as tw o o d
L adym uir  C o n t r o l ,  
n  i  t .  r
M o r r i s t o n  C o n t r o l  
" 1 L .R .
• 4 L .R .
A f o r t n i g h t  l a t e r  i t  was n e c e s s a r y  t o  t h i n  o u t
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The r o o t  d e v e lo p m e n t  showed t h e  same t e n d e n c y  
t o  I n c r e a s e d  d e p t h  and  r a m i f i c a t i o n  w i t h  i n c r e a s e d  l im e  
a s  d i d  t h e  A y r s h i r e  s t r a i n ,  th o u g h  n o t  t o  s u c h  a m arked  
d e g r e e .
I t  was i m p r a c t i c a b l e  t o  t h i n  o u t  t h e  L adym uir  
p o t s  a t  t h e  same t im e  a s  t h e  o t h e r s  ow ing t o  t h e  p l a n t s  
b e i n g  w e a k e r .  I n d e e d  t h e  c o n t r o l s  h a d  made no f u r t h e r  
g ro w th  f o r  s e v e r a l  w e e k s ;  on t h e  c o n t r a r y  a c o n s i d e r a b l e  
num ber o f  p l a n t s  h a d  d i e d  s i n c e  t h e  l a s t  c o u n t  and  t h o s e  
r e m a i n in g  w ere  s m a l l  an d  s i c k l y .  A l i t t l e  g ro w th  h ad  
b e e n  made on 1 L .R .  w h ich  w as f u r t h e r  im proved  on b y  
4 L .R . A t t h i s  t im e  1 L .R .  and 4 L .R .  w e re  e q u a l  i n  
d e v e lo p m e n t  w i t h  t h e  c o r r e s p o n d i n g  p o t s  o f  t h e  A y r s h i r e  
s t r a i n .
The "no l im e "  t r e a t m e n t  h a d  r e t a r d e d  t h e  g ro w th  
o f  t h e  K e n t i s h  much m ore th a n  t h e  A y r s h i r e .  T h i s  was 
m o s t  e v i d e n t  on L ad y m u ir  th o u g h  a l s o  q u i t e  d i s t i n c t  on 
M o r r i s t o n .
T h ro u g h o u t  t h e  w h o le  summer t h e  p l a n t s  on t h e  
L ad y m u ir  c o n t r o l s  w e re  u n a b le  t o  make a n y  headw ay and  
w ere  l e f t  u n t h i n n e d .  On S e p te m b e r  1 s t  t h e r e  w ere  44$ 
o f  p l a n t s  a s  com pared  w i t h  46$ a t  t h e  l a s t  c o u n t  r e c o r d e d  
i n  T a b le  V. A l th o u g h  c o u n t s  a t  i n t e r m e d i a t e  d a t e s  w ere  
n o t  m ade, i t  was o b s e rv e d  t h a t  a num ber o f  t h e  o r i g i n a l
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46$ d i e d  o f f  d u r i n g  t h e  summer so  t h a t  t h e  44$ g ro w in g  
i n  S e p te m b e r  m u s t  h av e  b e e n  p a r t l y  made u p  o f  s e e d l i n g s  
d e v e lo p e d  f ro m  d e l a y e d  g e r m i n a t i o n .  The t a l l e s t  was a  
" f o u r - l e a f "  p l a n t  o f  3 ^ "  w h i l e  t h e  s m a l l e s t  was a  s i n g l e  
s h o o t  o f  i w. T h e re  was o f  c o u r s e  no t i l l e r i n g .
TABLE V I. L .  PERENNE -  KENT INDIGENOUS.
A v erag e  Number o f  T i l l e r s  p e r  P l a n t  
and L e a f  L e n g th s .  S e p te m b e r .
S o i l T r e a tm e n t T i l l e r s L e a f  L e n g th s  I n c h e s .
M o r r i s t o n . . . C o n t r o l 47 7n 1 L .R . 57 7 .2n 4 L .R . 55 8 . 7
L a d y m u i r . . . . C o n t r o l - 2 . 5« 1 L .R . 25 8it 4 L .R . 50 8
E a s tw o o d . . . . N i l 41 7 . 2
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DACTYLIS GLOMERATA
TABLE V I I .  DACTYLIS GLOMERATA - DANISH
S e e d l i n g  C o u n ts  a s  P e r c e n t a g e s  o f  S eeds  
Sown. O f f i c i a l  G e r m in a t io n ,  9 6 $ .
S o i l s M o r r i s t o n L adym uir Eastw ood
T r e a tm e n t s Con­t r o l 1 L .R . 4 L .R .
Con­
t r o l 1 L .R .  4
L .R . N i l
D ays a f t e r
sow ing
15 52 58 52 46 54 68 48
17 52 64 54 70 58 68 54
22 58 66 60 74 58 72 60
39 54 68 62 56 66 72 60
Ten d a y s  a f t e r  sow ing  th e  s e e d s ,  s h o o t s  w ere  
b e g i n n i n g  t o  a p p e a r  on L adym uir  1 L .R .  a n d  4 L .R .  b u t  
now here  e l s e  a n d  i t  was f i v e  d a y s  l a t e r  b e f o r e  c o u n t s  
c o u ld  b e  m ade. I n  t h e  v e r y  e a r l y  s t a g e s  t h e  c o n d i t i o n s
i
on L ad y m u ir  seem ed on t h e  w h o le  t o  be  q u i t e  a s  s u i t a b l e  
a s  on M o r r i s t o n .  T h i s  d i d  n o t  l a s t  l o n g .  A week a f t e r  
t h e  f i r s t  c o u n t  t h e  g ro w th  on L a d y m u ir  s lew ed  down w h i l e  
on M o r r i s t o n  and  E a s tw o o d  i t  c o n t i n u e d  s t e a d i l y ,  and  a t  
f o u r  w eeks  t h e  p l a n t s  w ere  d e c i d e d l y  t a l l e r  and s t r o n g e r .  
I n d e e d  b y  t h i s  t im e  t i l l e r i n g  was p r o c e e d i n g  s t r o n g l y  on 
M o r r i s t o n  4 L .R .  and  h ad  j u s t  commenced on M o r r i s t o n  1 L .R .  
an d  E a s tw o o d ,  w h e re a s  on L ad y m u ir  t h e r e  w ere  no s i g n s .
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On t h e  L adym uir  c o n t r o l s  many o f  t h e  s m a l l  p l a n t s  w ere  
w i t h e r i n g  aw ay. The 56$ r e c o r d e d  i n  t h e  l a s t  c o u n t  
(T a b le  V I I )  r e p r e s e n t e d  l i v i n g  p l a n t s .  A c o u n t  o f  t h e  
d e a d  p l a n t s  made u p  t h e  b a l a n c e  b e tw e e n  t h i s  f i g u r e  and  
t h e  74$  r e c o r d e d  p r e v i o u s l y .
The h e i g h t s  o f  t h e  i n d i v i d u a l  p i  su its  v a r i e d  
c o n s i d e r a b l y  b u t  th e  m a j o r i t y  f e l l  w i t h i n  t h e  f o l l o w i n g  
l i m i t s .
M o r r i s t o n ,  C o n t r o l  -  2 i w t o  3 ”
M o r r i s t o n ,  1 L .R .  -  3 11 t o  3^"
M o r r i s t o n ,  4 L .R .  -  3^"  t o  5 W
L a d y m u ir ,  C o n t r o l  -  1" t o  1
L a d y m u ir ,  1 L .R .  -  l i *  t o  2"
L a d y m u ir ,  4 L .R .  -  3" t o  34"
Eastw ood -  3"  t o  3 f*
I t  can  be s e e n  from  t h e  ab o v e  f i g u r e s  t h a t  t h e r e  
was i n c r e a s e d  g ro w th  on b o t h  M o r r i s t o n  and  L ad y m u ir  w i t h  
i n o r e a s e d  l i m e .  I n  t h e  n e x t  t e n  d ay s  how ev er  t h e  d i f f e r ­
e n c e  b e tw e e n  M o r r i s t o n  c o n t r o l s  and  1 L .R .  w as much r e d u c e d ,  
th o u g h  4 L .R .  m a i n t a i n e d  i t s  l e a d .  V ery  l i t t l e  g ro w th  
h a v in g  t a k e n  p l a c e ,  t h e  same d i f f e r e n c e s  a s  b e f o r e  w ere  
v i s i b l e  on L a d y m u ir .
On t h i n n i n g  t h e  p l a n t s  i t  was f o u n d  t h a t  a d d i t i o n s  
o f  l im e  h a d  g r e a t l y  i n c r e a s e d  t h e  num ber o f  m a in  r o o t s  
th ro w n  o u t  a n d  a l s o  t h e  am ount o f  f i b r o u s  r o o t l e t s .  No 
d e c i d e d  d i f f e r e n c e  i n  t h e  d e p th  o f  r o o t i n g  was fo u n d
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( Photograph  1 2 ) .
The L adym uir  c o n t r o l s  w ere  n o t  t h i n n e d  ow ing 
t o  t h e  w e ak n ess  o f  t h e  g r o w th .  A lm o st  a l l  t h e  p l a n t s ,  
h o w e v e r ,  s t r u g g l e d  on and b y  S e p te m b e r  t h e  num ber was t h e  
same a s  a t  t h e  f i n a l  s e e d l i n g  c o u n t .  Much v a r i a t i o n  i n  
t h e  s i z e s  was s e e n ,  t h e  r a n g e  b e i n g  f ro m  8 n down t o  2 ” 
w i t h  a n  a v e r a g e  o f  4 ” . E ven  i n  th e  t a l l e s t  p l a n t s  
t i l l e r i n g  had  n o t  commenced.
TABLE V I I I .  DACTYLIS GLOMERATA -  DANISH.
A v e ra g e  Number o f  T i l l e r s  p e r  P l a n t  
and L e a f  L e n g th s .  S e p te m b e r ,
S o i l T r e a tm e n t T i l l e r s L e a f  L e n g th s  
I n c h e s .
M o r r i s t o n . . . . C o n t r o l 4 .5 13
w 1 L .R . 5 . 6 11
it 4 L .R . 3 . 6 1 1 .5
L a d y m u ir ........... C o n t r o l - 4
n 1 L .R . 4 12
N 4 L .R \ 4 . 8 1 1 .2
E a s tw o o d ........... N i l 3 . 3 7
TABLE/
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TABLE IX. DACTYLIS GLOMERATA -  NEW ZEALAND.
S e e d l i n g  C o u n ts  a s  P e r c e n t a g e s  o f  S eed s  
Sown. O f f i c i a l  G e r m in a t io n  8 8 $ .
S o i l s M o r r i s t o n L adym uir E astw ood
T r e a tm e n t s Con­ 1 L .R .  4 L .R . Con­ 1 L .R .  4 L .R . N i lt r o l t r o l
D ays  a f t e r
so w in g
15 40 34 30 40 38 28 24
17 34 34 36 46 44 34 30
22 61 60 64 58 60 62 44
39 58 62 64 58 70 72 48
I n  s p i t e  o f  t h e  g r e a t e r  num ber o f  s e e d l i n g s  
p r o d u c e d  on L ad y m u ir  t h a n  on t h e  o t h e r  s o i l s ,  g ro w th  
t h e r e  was v e r y  s lo w  a n d  t h e  p l a n t s  w ere  n o t  so  h e a l t h y  
a s  on M o r r i s t o n  an d  E a s tw o o d .  Of t h e  58$ r e c o r d e d  a t  
t h e  l a s t  c o u n t  on L a d y m u ir  o n ly  5$ d i d  n o t  show some 
y e l l o w i n g  and w i t h e r i n g  o f  t h e  l e a v e s .  A few p l a n t s  
w e re  a l s o  a f f e c t e d  on L ad y m u ir  1 L .R .  b u t  on  4 L .R .  and  
a l l  on  M o r r i s t o n  and E astw ood  w ere  q u i t e  h e a l t h y  th o u g h  
o f  v a r y i n g  s i z e s .  A t t h i s  t i m e  a l s o ,  t i l l e r i n g  h ad  
commenced on  E astw ood  a n d  M o r r i s t o n  and  w as  p r o g r e s s i v e  
i n  e x t e n t  w i t h  t h e  i n c r e a s e  i n  l i m e .  T h e re  was no t i l l e r ­
i n g  on  L a d y m u ir .  The h e i g h t s  o f  t h e  p l a n t s  w e re  -
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M o r r i s t o n ,  C o n t r o l
«  1 T. D1 L .R .  
4 L.il.
2 "  t o  2 i*
L a d y m u ir ,  C o n t r o l
*» 1 T P* 1 L .R .
11 4 L .R .
E as tw o o d
A f o r t n i g h t  l a t e r  i t  was p o s s i b l e  t o  t h i n  o u t  
t h e  p l a n t s  on M o r r i s t o n  and  E a s tw o o d .  They w ere  a l l  
h e a l t h y .  M o r r i s t o n ,  c o n t r o l s  and  1 L .R .  a n d  E a s tw o o d  
showed e q u a l  g r o w th ,  b u t  4 L .R .  was t a l l e r  and t h i c k e r .  
L ad y m u ir  c o u ld  n o t  b e  t h i n n e d  a t  t h i s  t im e  a s  t h e  g ro w th  
on  t h e  c o n t r o l s  and  1 L .R .  was s t i l l  p o o r  and  s t u n t e d  
w i t h  t h e  e x c e p t i o n  o f  v e r y  o c c a s i o n a l  p l a n t s  on  1 L .R .
On 4 L .R .  a l l  w e re  t a l l e r  a n d  h e a l t h i e r .
On re m o v a l  o f  t h e  s u r p l u s  p l a n t s  v e r y  l i t t l e  
d i f f e r e n c e  i n  t h e  r o o t i n g  s y s te m s  c o u l d  b e  s e e n  e x c e p t  
a  s l i g h t l y  g r e a t e r  f i b r o u s  d e v e lo p m e n t  i n  t h e  c a s e  o f
o u t  L a d y m u ir  1 L .R .  a n d  4 L .R .  The p l a n t s  on  t h e s e  w ere  
a l l  h e a l t h y  and s t r o n g  w i t h  s l i g h t l y  m ore g ro w th  on 4 L .& . 
w h ich  h o w ev e r  was o n ly  h a l f  t h e  h e i g h t ,  th o u g h  m ore s p r e a d ­
i n g  and t i l l e r e d ,  t h a n  t h e  B a n i s h  s t r a i n  on t h e  c o r r e s ­
p o n d in g  s o i l  and  t r e a t m e n t .  L a d y m u ir  Contr.o l |w as s t i l l  
v e r y  s m a l l  and m a k in g  h a r d l y  a n y  g r o w t h .  L ik e  t h o s e  o f
4 L .R
I n  t h r e e  w eeks t im e  i t  was n e c e s s a r y  t o  t h i n
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t h e  D a n is h  s t r a i n ,  h o w e v e r ,  t h e y  p e r s i s t e d  and  b y  e a r l y  
au tum n  th e  same num ber a s  p r e v i o u s l y  n o t e d  s t i l l  s u r v i v e d .  
G row th  was v e r y  i r r e g u l a r .  The p l a n t s  r a n g e d  f ro m  7 i w t o  
h i g h  w i t h  an a v e r a g e  o f  o n ly  4 i*  w i t h  no e v id e n c e  o f  
t i l l e r i n g  e v e n  i n  t h e  t a l l e s t .  The o t h e r  d a t a  f o r  t h i s  
t im e  a r e  g i v e n  b e lo w .
TABLE X. DACTYLIS GLOMERATA -  NEW ZEALAND.
A v erag e  Number o f  T i l l e r s  p e r  P l a n t  and  
________ L e a f  L e n g th s .  S e p te m b e r ,_______
S o i l T r e a tm e n t T i l l e r s
L e a f  L e n g th  
I n c h e s
M o r r i s t o n . . . C o n t r o l 6 .6 9 . 8n 1 L .R . 9 7n 4 L .R . 9 . 6 7 . 9
L a d y m u i r . . . . C o n t r o l - 4 . 5n 1 L .R . 5 7 . 5N 4 L .R . 1 0 .3 '  10
E a s tw o o d . . . . N i l 10 7 . 5
TABLE/
D a c t y l i s  g l o m e r a t a  
W e ls h .  J u l y .  Back ,  
Ladym uir  s o i l ,  
l e f t  t o  r i g h t ;  
C o n t r o l ,  1 L.  R . ,
4 L .R .  C e n t r e ,  
M o r r i s t o n  s o i l ,  
l e f t  t o  r i g h t ;  Con­
t r o l ,  1 L . R . ,  4 
L .R .  F r o n t ;  E a s t ­
wood s o i l .
P h o to g r a p h  1 5 .
P h o t o g r a p h  14 .
Phleum p r a t e n s e  - 
S c o t c h .  M o r r i s t o n  
s o i l ,  J u l y .  L e f t ;
C o n t r o l ,  r i g h t ;
4 L .R .
*
P h otograp h  15
Phleum p r a t e n s e  ■ 
W e lsh ,  M o r r i s t o n  
s o i l .  J u l y .
L e f t ;  C o n t r o l .  
R i g h t ;  4 L .R .
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TABLE X I ,  DACTYLIS GLOMERATA -  WELSH
S e e d l i n g  C o u n ts  a s  P e r c e n t a g e s  o f  S eed s  
Sown. O f f i c i a l  G e r m in a t io n ,  9 0 $ .
S o i l M o r r i s t o n L adym uir Eastw ood
T r e a tm e n t s Con­
t r o l
1 L .R .  4 L .R . Con­t r o l 1 L .R .  4 L .R . N i l
D ays a f t e r  
so w in g
15 20 40 40 18 50 28 26
17 24 46 48 18 54 40 38
22 52 64 78 34 70 54 60
39 56 76 78 42 76 58 60
H e re ,  a s  i n  t h e  c a s e  o f  t h e  New Z e a la n d  s t r a i n  
t h e  e a r l y  g ro w th  was much b e t t e r  on M o r r i s t o n  and E astw ood  
t h a n  on L a d y m u ir .  A t t h e  t im e  o f  t h e  l a s t  c o u n t  t h e r e  was 
a  d e f i n i t e  i n c r e a s e  i n  g ro w th  w i t h  t h e  i n c r e a s e  o f  l i m e ,  
th o u g h  t h e  d i f f e r e n c e  b e tw e e n  t h e  c o n t r o l s  and  1 L .R .  w as 
n o t  s o  g r e a t  a s  b e tw e e n  1 L .R . and  4 L .R .  (P h o to g r a p h  1 3 ) .  
D u r in g  t h e  f o l l o w i n g  few  weeks t h e  d i f f e r e n c e s  b e tw e e n  
E a s tw o o d ,  M o r r i s t o n  c o n t r o l  and  M o r r i s t o n  1 L .R .  te n d e d  
t o  d i s a p p e a r  w h i l e  t h e  d i f f e r e n c e  b e tw e e n  t h e s e  and 4 L .R .  
becam e more a c c e n t u a t e d .  T h is  a d v a n ta g e  a p p e a r e d  t o  b e  
p a r t i a l l y  l o s t  i n  t h e  n e x t  t h r e e  w e e k s .  The h e i g h t s  and  
g e n e r a l  b e h a v i o u r  w ere  much l i k e  t h o s e  o f  t h e  New Z e a la n d  
s t r a i n .
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The f i n a l  c o u n t  o f  42$ on L ad y m u ir  c o n t r o l s  
g i v e s  a n  e x a g g e r a t e d  i d e a  o f  t h e  amount o f  g ro w th  f o r  
e v e r y  p l a n t  w as s m a l l ,  s t u n t e d  and sh o w in g  s i g n s  o f  
w i t h e r i n g .  On 1 L .R . t h e y  w e re  s l i g h t l y  b i g g e r  (1* t o  
l ^ ff) and h e a l t h i e r  th o u g h  a  num ber showed t r a c e s  o f  
y e l l o w i n g .  A l l  t h e  p l a n t s  on 4 L .R .  w e re  l a r g e r  (li** 
t o  i f ” ) and  q u i t e  h e a l t h y  w i t h  e v e r y  a p p e a r a n c e  o f  
u l t i m a t e l y  d e v e l o p i n g  i n t o  m a tu re  p l a n t s .  The few  w eeks 
f o l l o w i n g  saw v e r y  s l i g h t  g ro w th  on th e  c o n t r o l s ,  b u t  
1 L .R .  im p ro v ed  a l i t t l e .  A l a r g e  i n c r e a s e  was n o te d  on 
4 L .R .  W hile  g ro w th  was v e r y  l i k e  t h a t  on t h e  c o r r e s p o n d ­
i n g  New Z e a la n d  p o t s  t h e  p l a n t s  w ere  s l i g h t l y  t a l k e r  and  
d i d  n o t  t i l l e r  q u i t e  so  f r e e l y  and  t h e r e  was a c l e a r e r  
i n c r e a s e  w i t h  a d d i t i o n a l  l im e .
The p l a n t s  on L adym uir  c o n t r o l s  r e m a in in g  s m a l l ,  
w e re  l e f t  u n t h i n n e d  a n d  when c o u n te d  a t  t h e  b e g i n n i n g  o f  
S e p te m b e r  i t  was fo u n d  t h a t  th e  num bers  h a d  i n c r e a s e d  t o  
52$  a s  com pared  w i t h  t h e  p r e v i o u s  4 2 $ . As u s u a l ,  g ro w th  
on  t h e  c o n t r o l s  w i t h  t h i s  s o i l  was v e r y  i r r e g u l a r  t h e r e  
b e i n g  a  r a n g e  f ro m  p l a n t s  o f  6 "  j u s t  b e g i n n i n g  t o  t i l l e r ,  
down t o  s e e d l i n g s  o f  1 " .
TABLE/
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TABLE XIX. DACTYLIS GLOMERATA -  WELSH.
A v e ra g e  Number o f  T i l l e r s  p e r  P l a n t  
and  L e a f  L e n g th s .  S e p te m b e r .
S o i l T r e a tm e n t T i l l e r s L e a f  L e n g th  I n c h e s .
M o r r i s t o n . . . C o n t r o l 9 6 . 5
n 1 L .R . 1 0 .5 6 . 5
tt 4 L .R . 8 8 . 5
L a d y m u ir . .  . . C o n t r o l - 3
it 1 L .R . 3 .6 6
it 4 L .R . 1 2 .6 10
E a s tw o o d . . . . N i l 11 6 .2
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PHLEUM PRATENSE
TABLE X I I I .  PHLEUM PRATENSE -  SCOTCH
S e e d l i n g  C o u n ts  as  P e r c e n t a g e s  o f  Seed3 
Sown. O f f i c i a l  G e r m in a t io n ,  Q5%.
S o i l s M o r r i s t o n L adym uir E astw ood
T r e a tm e n t s Con­
t r o l 1 L .R . 4
L .R . Con­
t r o l 1 L .R . 4 L .R . N i l
B ays a f t e r
sow ing
15 40 70 62 34 62 70 58
17 50 80 70 42 66 84 64
22 72 80 82 42 68 84 68
39 80 82 84 38 70 81 68
Prom t h e  b e g i n n i n g ,  t h e  p l a n t s  on M o r r i s t o n  
grew on s t e a d i l y ,  show ing  a p r o g r e s s i v e l y  s t r o n g e r  g ro w th  
w i t h  i n c r e a s e  o f  l i m e .  T h i s  i n c r e a s e  was more p ro n o u n c e d  
t h a n  t h e  f i n a l  s e e d l i n g  c o u n t s  w ould  i n d i c a t e .  The p l a n t s  
on  L adym uir  c o n t r o l s  r e m a in e d  s m a l l  and s i c k l y .  On L ad y ­
m u i r  1 L .R .  and  4 L .R . t h e  p l a n t s  w ere  s m a l l  com pared  w i t h  
t h o s e  on M o r r i s t o n  b u t  w ere  q u i t e  h e a l t h y  i n  a p p e a r a n c e .  
The h e i g h t s  a t  t h i s  s t a g e  w ere  -
M o r r i s t o n ,  C o n t r o l  -  l i n t o  2"
M o r r i s t o n ,  1 L .R . -  3 i ,f t o  4 n
M o r r i s t o n ,  4 L .R .  -  4 ” t o  5 ”
L a d y m u ir ,  C o n t r o l  -  f 11 t o
L a d y m u ir ,  1  L .R . & 4 L .R . -  l i n t o  l j s n 
E a s tw o o d  -  2 i n t o  3 M
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A w eek l a t e r  t h e  p l a n t s  on a l l  p o t s  e x c e p t  th e  
L ad y m u ir  c o n t r o l s  w ere  t h i n n e d .  T h e re  was 6 v e r  a l l  a 
t e n d e n c y  t o  i n c r e a s e d  g ro w th  w i t h  i n c r e a s e  o f  l i m e .  The 
g ro w th  was m o s t  . r e g u l a r  on E a s tw o o d .  R o o t in g  was fo u n d  
t o  he  d e e p e r  and  w i th  a  s l i g h t l y  g r e a t e r  s p r e a d  o f  f i b r o u s  
r o o t l e t s  on t h e  c o n t r o l s  t h a n  w here  l im e  h a d  b e e n  add ed  
to  t h e  s o i l .  (P h o to g r a p h  1 4 ) .
I n  a f u r t h e r  two w eeks M o r r i s t o n  4 L .R .  r e a c h e d  
i t s  maximum g ro w th  f o r  t h e  s e a s o n  and commenced t o  p ro d u c e  
e a r s  w h ic h  so o n  came i n t o  f l o w e r :  t h i s  was c l o s e l y  f o l lo w e d  
b y  1 L .R . I t  was s i x t e e n  d a y s  l a t e r  when th e  f i r s t  e a r  
em erged  f ro m  t h e  c o n t r o l s .  Eastw ood came i n t o  e a r  s i x  
d a y s  a f t e r  M o r r i s t o n  1 L .R .  D u r in g  t h i s  t im e  L adym uir  
c o n t r o l s  r e m a in e d  f e e b l e  b u t  u l t i m a t e l y  a  few p l a n t s  
b e g a n  t o  make more h e a l t h y  g r o w th .  The l im e d  p o t s  grew 
much b e t t e r ,  g ro w th  b e i n g  m ost v i g o r o u s  on 4 L .R .
By e a r l y  au tum n t h e  38# r e c o r d e d  a t  th e  l a s t  
c o u n t  on L ad y m u ir  c o n t r o l  was r e d u c e d  t o  24#  and o n ly  
one p l a n t  showed th e  commencement o f  t i l l e r i n g .
The t i l l e r i n g  and  l e a f  l e n g t h s  a t  t h i s  t im e  
a r e  g i v e n  i n  T a b le  XIV.
TABLE/
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TABLE XIV. PHLEUM PRATENSE -  SCOTCH
A v e ra g e  Number o f  T i l l e r s  p e r  P l a n t  
and  L e a f  L e n g th s .  S e p te m b e r .
S o i l T r e a tm e n t T i l l e r s L e a f  L e n g th s  
I n c h e s .
M o r r i s t o n . . . . C o n t r o l 7 12n 1 L .R . 12 14n 4 L .R . 8 . 3 10
L a d y m u ir ........... C o n t r o l - 3 . 5n 1 L .R . 6 8it 4 L .R . 7 13
E a s tw o o d .......... N i l 1 0 .6 12
TABLE XV. PHLEUM PRATENSE -  WELSH
S e e d l i n g  C o u n ts  a s  P e r c e n t a g e s  o f  S eed s  
3own. O f f i c i a l  G e r m in a t io n ,  8 4 $ .
S o i l s M o r r i s t o n L adym uir E astw ood
T r e a tm e n t s Con­ 1 L .R .  4 L .R . Con­ 1 L .R . 4 L .R . N i l
t r o l t r o l
Days a f t e r
sow ing
15 14 16 30 12 34 36 34
17 36 36 42 28 40 54 44
22 42 42 44 44 52 54 50
39 40 42 48 52 58 70 50
As a  w ho le  g ro w th  was s lo w e r  w i t h  t h i s  s t r a i n  
th a n  t h e  S c o tc h  a n d  th e  p l a n t s  s u f f e r e d  more i n  t h e  e a r l y  
s t a g e s  -  p a r t i c u l a r l y  on  L ad y m u ir  -  f ro m  w an t o f  l im e .
A t t h e  d a t e  of  t h e  l a s t  c o u n t  t h e  h e i g h t s  w ere  -
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M o rr is  t o n ,  C o n t r o l  -  l£ "  t o  l j n
M o r r i s t o n ,  1 L .R .  & 4 L .R .  -  2"  t o  2 £ n
L a d y m u ir ,  C o n t r o l  -  i ” t o  f w
L a d y m u ir ,  1 L .R .  & 4 L .R . -  f "  t o  1" 
E astw ood  -  2 11 t o  2^"
I n  th e  f o l l o w i n g  w e e k s ,  g ro w th  was c o n t i n u o u s  
on M o r r i s t o n ,  b eco m in g  m ore a b u n d a n t  w i t h  i n c r e a s i n g  
l i m e .  Root d e v e lo p m e n t  how ever was n o t  so  g r e a t  ( P h o to ­
g r a p h  1 5 ) .  P o u r  weeks a f t e r  th e  f i n a l  c o u n t  4 L .R .  ncame 
i n t o  e a r ” , w i t h  1 L .R .  f o u r  d a y s  l a t e r .
G row th c o n t i n u e d  t o  b e  v e r y  s lo w  on  L ad y m u ir  
and  i t  was f u l l y  s i x  w eeks a f t e r  th e  l a s t  c o u n t  b e f o r e  
1 L .R .  and 4 L .R .  becam e r e a l l y  v i g o r o u s .  The h e i g h t s  
a t  t h i s  t im e  w ere  4 j H and 6 ^ ” r e s p e c t i v e l y .  The c o n t r o l s  
h ad  f a i l e d  t o  make a n y  ad v an ce  i n  g ro w th  and m o r t a l i t y  
was h i g h .  By t h e  b e g i n n i n g  o f  S e p te m b e r ,  i n s t e a d  o f  
52% t h e r e  was o n ly  1 1 $ .
TABLE XVI. PHLEUM PRATENSE -  WELSH
A v e ra g e  Number o f  T i l l e r s  p e r  P l a n t  
and L e a f  L e n g th s .  S e p te m b e r .
S o i l T r e a tm e n t T i l l e r s L e a f  L e n g th s  I n c h e s
M o r r i s t o n . . . . C o n t r o l 9 .6 5n 1 L .R . 15 7 .5n 4 L .R . 2 0 .3 7 .2
L a d y m u ir ........... C o n t r o l - 3it 1 L .R . 3 . 7 5it 4 L .R . 4 .6 6 .7
E a s tw o o d ........... N i l 18 7 .5
P h o to g ra p h  1 6 .
Phleum p r a t e n s e  
G l o r i a .  J u l y .  
B ac k ,  M o r r i s t o n  
s o i l ,  l e f t  t o  
r i g h t ;  C o n t r o l ,  
1 L . R . ,  4 L • R • 
F r o n t ;  E a s tw o o d  
s o i l .
P h o t o g r a p h  17 .
S e c t i o n  o f  P o t  
E x p e r i m e n t  S e r i e s
I I .  L e f t ;  E a s tw o o d  
s o i l .  C e n t r e ;  
M o r r i s t o n  s o i l .  
R i g h t ;  L a d y m u ir  
s o i l .
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TABLE X V II. PHLEUM PRATENSE -  GLORIA.
S e e d l i n g  C o u n ts  a s  P e r c e n t a g e s  o f  S eed s  
Sown. O f f i c i a l  G e r m in a t io n ,  QQ%
S o i l s M o r r i s t o n L adym uir E as tw o o d
T r e a tm e n t s Con­ 1 L .R .  4 L .R . Con­ 1 L .R . 4 L .R . N i lt r o l t r o l
D ays a f t e r
Sow ing
15 36 40 40 16 58 72 60
17 58 62 64 42 74 80 70
22 64 70 68 46 80 80 74
39 70 72 72 50 78 80 76
From t h e  b e g i n n i n g ,  t h e  g row th  on M o r r i s t o n  was
s t r o n g  and  r a p i d  w h i l e  t h a t  on L ad y m u ir  -  p a r t i c u l a r l y
t h e  c o n t r o l s  -  was v e r y  s lo w .  A t t e n  d a y s  b e f o r e  t h e
f i n a l  c o u n t  t h e  h e i g h t s  o f  t h e  p l a n t s  w ere  -
M o r r i s t o n ,  C o n t r o l  -  2 ^ ” t o  3"
M o r r i s t o n ,  1 L .R .  -  3* t o  4"
M o r r i s t o n ,  4 L .R .  -  4"  t o  5 W
L a d y m u ir ,  C o n t r o l  -  t o  i n
L a d y m u ir ,  1 L .R .  & 4 L .R .  -  ^ w t o  %n
E astw ood -  3 H t o  3 ^ ”
G row th  on M o r r i s t o n  c o n t i n u e d  s t e a d i l y ,  b e i n g  
s t r o n g e r  w i t h  i n c r e a s e d  l i m e .  (P h o to g r a p h  1 6 ) .  F o u r  
w eeks  a f t e r  t h e  f i n a l  c o u n t  4 L .R .  came i n t o  e a r  w i t h  
1 L .R .  f o u r  d a y s  l a t e r .
I n  t h e  f o r t n i g h t  f o l l o w i n g  t h e  f i n a l  c o u n t
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t h e  m a j o r i t y  o f  t h e  s e e d l i n g s  on L ad y m u ir  c o n t r o l s  d i e d  
o f f  l e a v i n g  o n ly  a  few  s i c k l y  s u r v i v o r s ,  w h ich  a l l  succumbed 
d u r i n g  t h e  n e x t  two w eeks l e a v i n g  t h e  c o n t r o l s  c o m p l e t e l y  
b l a n k .  On 1 L .R .  a n d  4 L .R .  t h e r e  w ere  some c a s u a l i t i e s  
b u t  t h e  m a j o r i t y  o f  t h e  p l a n t s  r e m a in e d  h e a l t h y  and th o u g h  
g ro w th  was s lo w ,  4 L .R .  showed a  d e c i d e d  i n c r e a s e  o v e r  1 
L .R .  The g ro w th  on E astw ood  was a s  u s u a l  th e  m o s t  r e g u l a r  
and  i n  am ount a lm o s t  t h e  same a s  M o r r i s t o n  1 L .R .
The t e n d e n c y  t o  r e s t r i c t e d  r o o t  d e v e lo p m e n t  
w i t h  i n c r e a s e  i n  t h e  l im e  c o n t e n t  o f  t h e  s o i l  was n o t  
o b s e r v e d  i n  t h e  c a s e  o f  t h i s  s t r a i n .
By S e p te m b e r  t h e  c o u n t  on L adym uir  1 L .R .  was 
r e d u c e d  f ro m  78# t o  6 4 # ;  and  on  4 L .R .  f ro m  80# t o  6 8 # .
On t h e  f o rm e r  t h e r e  was no s i g n  o f  t i l l e r i n g  w h i le  on 
t h e  l a t t e r  i t  was j u s t  b e g i n n i n g  on a  few  o f  t h e  m ore 
v i g o r o u s  p l a n t s .  The o t h e r  d a t a  f o r  t h i s  t im e  a r e  g i v e n  
i n  T a b le  X V II I .
TABLE/
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TABLE X V II I . PHLEUM PRATENSE -  GLORIA.
A v e ra g e  Number o f  T i l l e r s  p e r  P l a n t  
and  L e a f  l e n g t h s .  S e p te m b e r .
S o i l T re a tm e n t T i l l e r s L e a f  L e n g th s  I n c h e s .
M o r r i s t o n . . . , C o n t r o l 5 .2 7 . 5n 1 L .R . 5 .5 7 . 5n 4 L .R . 6 8
L a d y m u ir .......... C o n t r o l - -n 1 L .R . - 5n 4 L .R . - 5
E a s tw o o d . N i l 3 5
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ALOPECURUS PRATENSIS.
TABLE XIX. ALOPECURUS PRATENSIS.
S e e d l i n g  C o u n ts  a s  P e r c e n t a g e s  o f  S eeds  
Sown. O f f i c i a l  G e r m in a t io n ,  7 3$ .
S o i l M o r r i s t o n L adym uir E astw ood
T r e a tm e n t Con­ 1 L .R .  4 L .R . Con­ 1 L .R . 4 L .R . N i lt r o l t r o l
D ays a f t e r
so w in g
12 16 6 2 — 4 6 4
15 30 30 18 4 22 18 24
21 40 40 30 8 22 22 32
37 44 44 46 8 18 24 36
The p l a n t s  on M o r r i s t o n  and E astw ood s o i l s  a l l  
g rew  s a t i s f a c t o r i l y  f ro m  t h e  b e g i n n i n g .  No d i f f e r e n c e s  
w ere  o b s e r v a b l e  a t  t h e  t im e  o f  t h e  l a s t  c o u n t , b u t  d u r i n g  
t h e  n e x t  t h r e e  w eeks 4 L .R .  grew a l i t t l e  f a s t e r  t h a n  t h e  
o t h e r s ,  l e a v i n g  M o r r i s t o n  c o n t r o l s ,  1 L .R .  and E astw ood  
e q u a l .  The s e e d l i n g s  t h a t  d i d  a p p e a r  i n  L adym uir  w e re  
v e r y  s m a l l  and  weak and  gave  l i t t l e  p ro m is e  o f  s u r v i v i n g .
I n  s p i t e  o f  t h i s  a f a i r  number d i d  p e r s i s t  and b y  S ep tem b er  
t h e r e  w ere  14$  on 1 L .R .  and  18$ on 4 L .R .  a s  com pared  
w i t h  18$ and 24$  p r e v i o u s l y  r e c o r d e d .  D u r in g  t h e  summer 
t h e  p l a n t s  on t h e  c o n t r o l s  g r a d u a l l y  d i e d  o f f  t i l l  b y  
au tu m n  none w ere  l e f t .  The p o s i t i o n  a t  t h i s  t im e  i s
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shown i n  T a b le  XX.
TABLE XX. ALOPECURUS PRATENSIS
A v erag e  Number o f  T i l l e r s  p e r  P l a n t  
and L e a f  L e n g th s .  S e p te m b e r .
S o i l T re a tm e n t T i l l e r s L e a f  L e n g th  
In c h e  s
M o r r i s t o n . . . . C o n t r o l 5 .5 7
it 1 L .R . 13 9n 4 L .R . 1 6 .6 9 .6
L a d y m u ir ........... C o n t r o l - -
t» 1 L .R . - 2
t» 4 L .R . - 2
E a s tw o o d ........... N i l 10 7 . 8
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POA TRIVIALIS
TABLE XXI. POA TRIVIALIS
S e e d l i n g  C o u n ts  a s  P e r c e n t a g e s  o f  S eeds  
Sown, O f f i c i a l  G e r m in a t io n  91%,
S o i l M o r r i s t o n L adym uir E astw ood
T r e a tm e n t Con­ 1 L .R .  4 L .R . Con­ 1 L .R . 4 L .R . N i lt r o l t r o l
D ays a f t e r
so w in g
15 60 60 50 14 50 34 44
21 70 70 74 36 62 50 66
37 70 71 73 4 56 54 66
Up t o  12 d a y s  a f t e r  so w in g ,  no  a p p e a r a n c e  was 
made b y  t h i s  g r a s s  so  t h a t  t h r e e  d a y s  l a t e r ,  when t h e  
f i r s t  c o u n t s  w ere  p o s s i b l e ,  th e  s e e d l i n g s  w ere  v e r y  s m a l l ,  
When g ro w th  d i d  b e g i n ,  maximum num bers  w ere  q u i c k l y  r e a c h e d  
and  t h e r e a f t e r  i n  some c a s e s  t h e y  t e n d e d  t o  f a l l  o f f .
By t h e  d a t e  o f  t h e  l a s t  c o u n t  t i l l e r i n g  had  
commenced on a l l  t h e  M o r r i s t o n  and E astw ood p o t s  and was 
p r o g r e s s i v e  w i t h  i n c r e a s e d  l i m e .  The h e i g h t s  o f  t h e  
p l a n t s  a t  t h i s  t im e  w ere  -
M o r r i s t o n ,  C o n t r o l  -  2 ” t o  3 tt
" 1 L .R . -  3" t o  4"
" 4 L .R .  -  4" t o  4 t ”
E astw ood  -  to  3 11
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A l l  th e  s h o o t s  on t h e  L ad y m u ir  s o i l  w ere  much 
s m a l l e r  t h a n  any  o f  t h e s e  on M o r r i s t o n  o r  E astw ood n o t e d  
ab o v e  and had  a  s t u n t e d ,  u n h e a l t h y  a p p e a r a n c e .
D u r in g  t h e  n e x t  m onth  a l l  th e  p l a n t s  on L adym uir  
c o n t r o l s  d i e d  o f f .  A bou t a  f i f t h  o f  t h o s e  on 1 L .R .  and  
4 L .R .  d i e d  w h i l e  t h e  s u r v i v o r s  grew v e r y  s lo w ly .  I n  t h i s  
p e r i o d  th e  M o r r i s t o n  c o n t r o l s  o v e r to o k  1 L .R . b u t  4 L .R .  
m a i n t a i n e d  i t s  l e a d .  E astw ood showed g ro w th  e q u a l  t o  
M o r r i s t o n  1 h . R # and was t h e  m o st r e g u l a r  o f  an y .
By S ep te m b e r  t h e r e  w ere  on L adym uir  1 L .R .  and 
4 L . R . ,  44# and 4 2 #  o f  p l a n t s  r e s p e c t i v e l y  a s  a g a i n s t  t h e  
p r e v i o u s  56# and 5 4 # .  A bout h a l f  o f  t h e  p l a n t s  had  comm­
e n c e d  t o  t i l l e r ,  t h e  o t h e r s  w ere  s t i l l  i n  t h e  s e e d l i n g  
s t a g e .  T a b le  XXII g i v e s  t h e  d e t a i l s  a t  t h i s  t im e .
TABLE X X II. POA TRIVIALIS.
A v erag e  Number o f  T i l l e r s  p e r  P l a n t  and 
L e a f  L e n g th s .  S e p te m b e r .
S o i l T re a tm e n t T i l l e r s D eaf L e n g th
I n c h e s
M o r r i s t o n . . . C o n t r o l 1 8 .5 4 .2tt 1 L .R . 2 2 .6 4 .0
n 4 L .R . 2 8 .4 5 .5
L a d y m u i r . . . . C o n t r o l - -n 1 L .R . 2 .7 3 . 5
n 4 L .R . 3 .2 3 . 7
E a s t w o o d . . .  . N i l 1 3 .6 3 .6
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POT EXPERIMENTS -  SERIES I I I .
I n  p r e v i o u s  t r i a l s  t h e  maximum am ount o f  c a lc iu m  
c a r b o n a t e  a p p l i e d  was a p p r o x i m a te ly  4# o f  th e  w e ig h t  o f  
t h e  s o i l .  The g ro w th  f ro m  su c h  t r e a t m e n t ,  w h i le  i n  some 
c a s e s  l i t t l e  i f  any  b e t t e r  t h a n  t h a t  o b t a i n e d  f ro m  a  
q u a r t e r  o f  t h a t  am ount o f  l i m e ,  n e v e r  showed d e c i d e d l y  
a d v e r s e  e f f e c t s .  As no i n f o r m a t i o n  was a v a i l a b l e  a s  to  
t h e  am ount o f  l im e  w h ic h  g r a s s e s  c o u ld  t o l e r a t e  and re m a in  
h e a l t h y  i t  was r e s o l v e d  t o  t©3t th e  e f f e c t s  o f  v e r y  l a r ^ e  
am o u n ts .
PROCEDURE an d  OBSERVATIONS
Owing t o  l i m i t a t i o n s  .to s p a c e  i t  was o n ly  
p o s s i b l e  t o  u s e  t h r e e  g r a s s e s  and  i n  v iew  o f  t h e i r  i n ­
c r e a s i n g  I m p o r ta n c e  t h e  in d ig e n o u s  s t r a i n s  w ere  s e l e c t e d .  
T h e se  w ere  -
L o l iu m  p e re n n e  -  K e n t i s h
D a c t y l i s  g lo m e r a ta  -  W elsh
Phleum  p r a t e n s e  -  W elsh
The s o i l  i n  w hich  t h e s e  w ere  grown was t h a t  
r e f e r r e d  t o  p r e v i o u s l y  a s  "E as tw ood"  -  a  c l a y  loam . T h is  
s o i l  was c h o s e n  b e c a u s e  i t  showed no d e f i c i e n c y  i n  l im e  
(Lime r e q u i r e m e n t ,  0 .0 4 2 #  CaCOg) and t h e r e f o r e  none o f  
t h e  l im e  a p p l i e d  was r e q u i r e d  t o  c o u n t e r a c t  an  i n i t i a l
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a c i d i t y ,  b u t  was e n t i r e l y  a v a i l a b l e  t o  e x e r t  a n y  " e x c e s s "  
i n f l u e n c e  w h ic h  m ig h t  a r i s e .
To f i v e  p o r t i o n s  o f  s o i l ,  c a l c iu m  c a r b o n a t e  
was added  a t  t h e  r a t e s  o f  5# , 1 0 # ,  20$, 40#  and  80#  o f  
t h e  w e i g h t  o f  s o i l .  The l im e  was t h o r o u g h l y  i n c o r p o r a t e d  
w i t h  e a c h  p o r t i o n  o f  s o i l  and t h e  m ix tu re s  pot t e d .  Each  
p o t  was t h e n  s a t u r a t e d  w i t h  w a t e r  and a l lo w e d  to  d r y  
s e v e r a l  t im e s  b e f o r e  p l a n t i n g  t h e  g r a s s  s e e d s  a t  t h e  end 
o f  May.
S e e d l i n g  c o u n t s  w ere  made a t  a f o r t n i g h t  and  a 
m onth  a f t e r  p l a n t i n g  and a r e  g i v e n  i n  T a b le  X X III  a s  
p e r c e n t a g e s  o f  t h e  s e e d s  sown.
TABLE X X III .  S e e d l i n g s  on  S o i l  r e c e i v i n g  H eavy 
I n c r e m e n t s  o f  CaCOa. C o u n ts  a s  P e r c e n t a g e s  o f  S eed s  Sown.
D ays
a f t e r
Sowing S p e c ie s
O f f i c i a l
G erm ina­
t i o n
#
CaC0 3 a s  P e r c e n ta g e  
W eirfat o f  S o i l .
Of
5# 10# 20# 40# 80#
14 L .p e r e n n e 87 80 74 74 58 72
28 L .p e r e n n e 87 80 76 70 80 70
14 Phleum . p r a t . 84 66 64 64 52 52
28 P hleum . p r a t . 84 70 62 62 64 58
14 D a c t y l i s  g lom . 90 38 40 30 34 20
28 D a c t y l i s  g lom . 90 72 60 50 62 64
L . p e r e n n e . A t t h e  t im e  o f  t h e  f i r s t  c o u n t  a l l  t h e  s e e d l i n g s  
w e re  q u i t e  h e a l t h y  th o u g h  th o s e  on t h e  80#  l im e  t r e a t m e n t
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w ere  s l i g h t l y  s t r o n g e r  t h a n  th e  o t h e r s .  The r a n g e s  d f  
h e i g h t s  t h e n  w e r e : -  80# l im e  t r e a t m e n t ,  1" t o  1 ^ " ;  a l l  
o t h e r s  t o  1 " .  At t h e  se co n d  c o u n t  a l l  w ere  s t i l l  
q u i t e  v i g o r o u s .  On t h e  5 #  l im e  t r e a t m e n t  t h e  h e i g h t s  
w ere  f ro m  2 ^"  t o  3 i " .  On t h e  o t h e r  t r e a t m e n t s  t h e  
h e i g h t s  w ere  s l i g h t l y  g r e a t e r  -  4" t o  4 i "  -  b u t  d i d  n o t  
v a r y  a p p r e c i a b l y  among t h e m s e l v e s .
As t h e  s e a s o n  p ro c e e d e d  a chan g e  b e g a n  t o  t a k e  
p l a c e .  From t h e  b e g i n n i n g  o f  A u g u s t  g ro w th  b e g a n  t o  s low  
down on t h e  2 0 # ,  40#  and 80# t r e a t m e n t s  and  b y  t h e  m id d le  
o f  t h e  m onth  g ro w th  had  c e a s e d .  T h e r e a f t e r  t h e  p l a n t s  
b e g a n  t o  y e l lo w  and  many l e a v e s  d i e d  o f f  i n  e a r l y  au tu m n . 
The h e i g h t  o f  th e  p l a n t s  was 4^"  t o  5 ^ w. The 5# and 10# 
t r e a t m e n t s  on t h e  o t h e r  h an d  d i d  n o t  seem t o  in c o n v e n ie n c e  
t h e  p l a n t s  a t  a l l .  On t h e  c o n t r a r y  g ro w th  was much b e t t e r  
on  t h e s e  th a n  on th e  same s o i l  r e c e i v i n g  no t r e a t m e n t ,  
and  c o n t i n u e d  g r e e n  and  v i g o r o u s  r i g h t  i n t o  w i n t e r .  The 
a v e r a g e  au tum n  h e i g h t s  w ere  -  5# t r e a t m e n t ,  6 f M; 10# 
t r e a t m e n t  7 ^ " .
P h leum  p r a t e n s e . F o u r t e e n  d a y s  a f t e r  so w in g ,  a t  t h e  
f i r s t  s e e d l i n g  c o u n t ,  t h e  p l a n t s  w ere  s e e n  t o  b e  p r o g r e s s ­
i v e l y  s m a l l e r  w i t h  t h e  i n c r e a s e d  a p p l i c a t i o n s  o f  l im e .
On t h e  5# l im e  t r e a t m e n t  t h e  h e i g h t s  w ere  f ro m  t o  
w h i l e  on t h e  8 0 #  l im e  t r e a t m e n t  th e  t i p s  o f  t h e  s h o o t s
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w ere  j u s t  v i s i b l e  e m e rg in g  f ro m  t h e  s o i l .  A f o r t n i g h t  
l a t t e r  t h e  p l a n t s  on a l l  t r e a t m e n t s  up  t o  and  i n c l u d i n g  
40#  l im e  w ere  a p p r o x i m a te ly  o f  e q u a l  h e i g h t  -  2"  t o  2^"  -  
w h i l e  t h o s e  on t h e  80# t r e a t m e n t  w ere  much s m a l l e r  -  o n ly  
a b o u t
S u b s e q u e n t  g ro w th  was n e v e r  q u i t e  so  a b u n d a n t  
f ro m  a n y  t r e a t m e n t  i n  t h i s  e x p e r im e n t  a s  when t h e  p l a n t s  
w ere  grown on t h e  u n t r e a t e d  s o i l .  A t 5 # , 10# and 20# 
t h e  d i f f e r e n c e s  w ere  v e r y  s l i g h t ;  t h e r e a f t e r  t h e  p l a n t s  
became a  l i t t l e  s m a l l e r  and a p p e a r e d  s t u n t e d .  A t a l l  
t h e  t r e a t m e n t s ,  t h e  l e a v e s  t e n d e d  t o  w i t h e r  and  b u r n  i n  
w i n t e r  m ore r e a d i l y  t h a n  when no t r e a t m e n t  had  b e e n  g i v e n .  
D a c t y l i s  g l o m e r a t e . The f i r s t  c o u n t  c o u ld  o n l y  b e  made 
w i t h  d i f f i c u l t y  a s  a t  t h i s  t im e  th e  t i p s  w ere  j u s t  m ak ing  
a n  i r r e g u l a r  a p p e a r a n c e  th r o u g h  t h e  s o i l .  I n  a  f u r t h e r  
f o r t n i g h t  how ever a l l  t h e  p l a n t s  w ere  f ro m  2"  t o  h i g h  
and  a l l  a p p a r e n t l y  q u i t e  h e a l t h y .  T i l l e r i n g  was commenc­
i n g  on t h e  5# and 10# l im e  t r e a t m e n t s  b u t  n o t  on t h e  o t h e r s .
Growth and  d e v e lo p m e n t  a t  l a t e r  s t a g e s  was v e r y  
i n c o n s i s t e n t .  A t 5 # ,  20#  and  80# t h e  p l a n t s  re m a in e d  
s m a l l  and t h e  l e a v e s  w ere  p a l e ,  w h i l e  a t  10# and 40# t h e  
p l a n t s  w ere  much s t r o n g e r  and a d a r k e r  g r e e n .
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DISCUSSION o f  RESULTS f ro m  POT EXPERIMENTS
LOLIUM PERENNE
The f i r s t  p o i n t  e m e rg in g  f ro m  t h e  i n v e s t i g a t i o n s  
on  t h i s  g r a s s  i s  th e  c e r t a i n t y  o f  th e  b e n e f i t  w h ic h  i t  
d e r i v e s  f ro m  h a v in g  t h e  s o i l  a c i d i t y  c o u n t e r a c t e d  b y  t h e  
a d d i t i o n  o f  l im e .  I n  t h e  f i r s t  s e r i e s  o f  e x p e r im e n t s  
t h e  p l a n t s  -  s i m i l a r  t o  t h o s e  d e s i g n a t e d  " A y r s h i r e "  i n  
S e r i e s  I I  -w hen  grown on a c i d  s o i l  w e re  a lw a y s  s m a l l  and  
r a t h e r  d e l i c a t e  w i t h  a p p a r e n t l y  l i t t l e  r e s e r v e  s t r e n g t h  
t o  s u r v i v e  t e m p o ra ry  a d v e r s e  c o n d i t i o n s  s u c h  a s  f r o s t  and 
d r o u g h t .  T h i s  l a c k  o f  v i g o u r  d i d  n o t  p ro v e  t o  b e  a  
p a s s i n g  p h a s e  b u t  t e n d e d  t o  become more a c c e n t u a t e d  w i t h  
t im e  and  i t  seem ed p r o b a b le  t h a t  had  i t  b e e n  p o s s i b l e  t o  
c o n t i n u e  t h e  t r i a l  l o n g  en ough  a l l  o r  a t  l e a s t  a  l a r g e  
m a j o r i t y  o f  th e  p l a n t s  w ould  h a v e  d i e d  o f f .  On t h e  o t h e r  
h a n d  i n  t h e  p r e s e n c e  o f  l im e  t h e  p l a n t s  w ere  a s  s t r o n g  
and l u x u r i a n t  a s  c o u ld  be d e s i r e d  and g av e  e v e r y  e v id e n c e  
o f  a b i l i t y  t o  s u r v i v e  i n d e f i n i t e l y .
I n  S e r i e s  I I  w here  t h e  b e h a v i o u r  o f  t h i s  g r a s s  
was s t u d i e d  i n  much g r e a t e r  d e t a i l ,  t h e  a d v a n ta g e s  a c c r u ­
i n g  f ro m  t h e  l i m i n g  o f  a c i d  s o i l s  w ere  c o n f i r m e d .
The g e r m i n a t i o n  o f  t h e  s e e d s  o f  t h e  A y r s h i r e  
s t r a i n  a s  o f f i c i a l l y  g u a r a n t e e d  was 91# b u t  i t  i s  c l e a r
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f ro m  t h e  c o u n t s  o f  t h e  s e e d l i n g s  t h a t  t h i s  f i g u r e  g i v e s  
l i t t l e  i d e a  o f  t h e  number o f  p l a n t s  l i k e l y  t o  e s t a b l i s h  
th e m s e lv e s  u n l e s s  t h e  a c i d i t y  o f  t h e  s o i l  h a s  b e e n  
e f f e c t i v e l y  c h e c k e d  b y  h e a v y  l i m i n g .  Where t h i s  was 
done b y  a p p l y i n g  l im e  a t  t h e  l im e  r e q u i r e m e n t  r a t e  th e  
s e e d l i n g s  s u r v i v i n g  39 d a y s  a f t e r  t h e  sow ing  w ere  86 p e r  
100 s e e d s  sown on b o t h  s a n d y  and p e a t y  s o i l ;  on c l a y  loam  
w here  th e  t e s t  showed no l im e  r e q u i r e m e n t  th e  num ber was 
8 8 .  When, h o w ev e r ,  f o u r  t im e s  th e  l im e  r e q u i r e m e n t  was 
a p p l i e d  t o  t h e  san d y  and  p e a t y  s o i l s  t h e  num bers r o s e  t o  
92 and 94 r e s p e c t i v e l y .  W ith  t h e  e x c e p t i o n  o f  t h e  e a r l i e r  
c o u n t s  on t h e  c l a y  lo am , t h e s e  w ere  t h e  o n l y  o c c a s i o n s  
t h r o u g h o u t  t h e  s e r i e s  o f  e x p e r i m e n t s  w here  t h e  num ber o f  
p l a n t s  e x c e e d e d  t h e  o f f i c i a l  g e r m i n a t i o n  f i g u r e .
When t h e  p l a n t s  on  t h e  a c i d  u n l im e d  s o i l s  a r e  
c o n s i d e r e d  i t  i s  fo u n d  t h a t  t h e  h i g h e s t  c o u n t s  o b t a i n e d  
w e re  82 on t h e  sandy  s o i l  and 78 on t h e  p e a t y  s o i l  a t  17 
d a y s  a f t e r  s o w in g .  A l l  t h e  p l a n t s  d i d  n o t  s u r v i v e ,  
h o w e v e r ,  and  a t  39 d a y s  t h e s e  w ere  r e d u c e d  t o  64 and 7 2 .
The K en t I n d ig e n o u s  s t r a i n  b e h a v e d  somewhat 
d i f f e r e n t l y .  The o f f i c i a l  g e r m i n a t i o n  h e r e  was 8 7 # , 
w h i l e  t h e  p l a n t s  p e r  100 s e e d s  a t  39 d a y s  on t h e  san d y  
and p e a t y  s o i l s  r e c e i v i n g  t h e  one l im e  r e q u i r e m e n t  a p p l i ­
c a t i o n  num bered  80 and 7 4 ;  and on  t h e  n e u t r a l  c l a y  lo am ,
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7 4 . By i n c r e a s i n g  t h e  l im e  up t o  f o u r  t im e s  t h e  l im e  
r e q u i r e m e n t  th e  num bers  w ere  n o t  r a i s e d  t o  t h a t  o f  t h e  
o f f i c i a l  g e r m i n a t i o n  a s  w i t h  th e  A y r s h i r e  s t r a i n  b u t  w ere 
d e p r e s s e d  on t h e  san d y  s o i l  an d  h a r d l y  i n f l u e n c e d  on  t h e  
humus s o i l .  M o re o v e r ,  on t h e  c l a y  lo am , in c r e m e n t s  o f  
l im e  up  t o  80#  b y  w e i g h t  o f  th e  s o i l  f a i l e d  to  a f f e c t  
a p p r e c i a b l y  th e  num ber o f  s e e d l i n g s  w h ic h  v a r i e d  b e tw e e n  
70 and 8 0 .  On t h e  u n t r e a t e d  a c i d  s o i l s  t h e  num bers  w ere  
low -  70 and 46 a s  com pared  w i t h  t h e  80 and 74 m e n t io n e d  
a b o v e .  M aking th e  c o m p a r is o n  i n  a n o t h e r  way -  i f  i t  be  
assum ed  t h a t  t h e  o f f i c i a l  g e r m in a t i o n  f i g u r e  r e p r e s e n t s  
t h e  maximum num ber o f  p l a n t s  w h ich  c o u l d  p o s s i b l y  b e  ob­
t a i n e d ,  t h e n  t h e  A y r s h i r e  s t r a i n  gave  7 0 .3 #  o f  t h e  p o s s i b l e  
on t h e  u n t r e a t e d  sandy  s o i l  and  7 9 .1 #  on t h e  p e a t y  s o i l  
a t  39 d a y s  f ro m  so w in g .  When t h e  s o i l s  w ere  t r e a t e d  a t  
t h e  l im e  r e q u i r e m e n t  r a t e s  9 4 .5 #  o f  t h e  p o s s i b l e  was 
o b t a i n e d  i n  b o t h  c a s e s .  T h a t  i s ,  an  i n c r e a s e  o f  2 4 .2 #  
on  t h e  s a n d y  s o i l  and  1 5 .4 #  on t h e  p e a t y  s o i l .  W ith  t h e  
K en t  I n d ig e n o u s  s t r a i n  t h e  num bers  on t h e  u n t r e a t e d  s o i l s  
w e re  8 0 .5 #  and  5 2 .8 #  o f  t h e  p o s s i b l e ,  w h e re a s  when t h e  
s o i l s  r e c e i v e d  t h e i r  l im e  r e q u i r e m e n t s  t h e  num bers  w ere  
9 1 .9 #  an d  8 5 . 0 # ,  o r  a n  i n c r e a s e  on t h e  s a n d y  o f  1 1 .4 #  
an d  3 2 . 2 #  o n  t h e  p e a t y  s o i l .  I t  a p p e a r s  f ro m  t h e s e
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f i g u r e s  and t h o s e  i n  T a b le s  I I I  and V t h a t  i n  a d d i t i o n  
t o  t h e  s l i g h t l y  g r e a t e r  v i a b i l i t y  o f  t h e  A y r s h i r e  s e e d s  
a s  i n d i c a t e d  b y  t h e  g e r m i n a t i o n  t e s t ,  t h e y  a l s o  h av e  t h e  
pow er o f  p r o d u c in g  a  g r e a t e r  number o f  h e a l t h y  s e e d l i n g s  
p e r  h u n d re d  v i a b l e  s e e d s  t h a n  h av e  t h o s e  o f  t h e  K e n t i s h  
s t r a i n .  F u r t h e r ,  w h i l e  t h e  A y r s h i r e  s t r a i n  r e s p o n d e d  
much b e t t e r  t o  t h e  one l im e  r e q u i r e m e n t  t r e a t m e n t  on t h e  
s a n d y  s o i l  t h a n  t h e  ^ e n t i s h  ( 2 4 .2 #  a g a i n s t  1 1 . 4 # ) ,  and  
th e  K e n t i s h  b e t t e r  t h a n  t h e  A y r s h i r e  on t h e  p e a t y  s o i l  
( 3 2 .2 #  a g a i n s t  1 5 .4 # )  t h e  r e s p o n s e  t o  t h e  f o u r  l im e  r e ­
q u i r e m e n t  t r e a t m e n t  on  b o t h  s o i l s  was e n t i r e l y  t o  t h e  
a d v a n ta g e  o f  t h e  A y r s h i r e  s t r a i n .  T h u s ,  on  t h e s e  b a s e s  
o f  r e c k o n i n g ,  t h e  A y r s h i r e  s t r a i n  i n  i t s  e a r l y  s t a g e s  
seem s on  t h e  w hole  t o  b e  d e c i d e d l y  more r e s p o n s i v e  t o  t h e  
i n f l u e n c e  o f  l i m e ,  o r  c o n v e r s e l y  t o  h ave  i t s  p o t e n t i a l i t y  
f o r  t h e  p r o d u c t i o n  o f  a h i g h  p e r c e n t a g e  o f  h e a l t h y  young 
p l a n t s  m ore r e p r e s s e d  b y  s e v e r e  s o i l  a c i d i t y ,  t h a n  t h e  
K e n t i s h  s t r a i n .
The f a c t  o f  f e w e r  s e e d l i n g s  b e i n g  f o u n d ,  a f t e r  
f i v e  o r  s i x  w eeks f ro m  sow ing  t h e  s e e d ,  on  u n t r e a t e d  a c i d  
s o i l  t h a n  w h ere  l im e  w as a p p l i e d ,  was a p p a r e n t l y  d u e  p a r t  
l y  t o  t h e  f a i l u r e  o f  t h e  s e e d s  t o  g e r m in a te  a t  a l l  -  o r  
a t  l e a s t  t o  p ro d u c e  a  sh o o t  l o n g  enough  t o  r e a c h  t h e  s o i l  
s u r f a c e  -  an d  p a r t l y  t o  s e e d l i n g s  d y in g  b e tw e e n  t h r e e  an d
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f i v e  w eeks  f ro m  t h e  t im e  o f  so w in g .  T h i s  m o r t a l i t y  among 
t h e  s e e d l i n g s  was t h e  more i m p o r t a n t  c a u s e  o f  t h e  s m a l l  
num ber o f  h e a l t h y  m a t u r i n g  p l a n t s  com pared  w i t h  t h e  num ber 
o f  s e e d s  sown. The d y in g  o f  th e  s e e d l i n g s  was n o t  e n t i r e ­
l y  c o n f i n e d  t o  t h e  u n t r e a t e d  s o i l s  b u t  was much more 
p r e v a l e n t  t h e r e  t h a n  w here  l im e  had  b e e n  g iv e n .
A l th o u g h ,  a s  a l r e a d y  m e n t io n e d ,  t h e  A y r s h i r e  
s t r a i n  s u f f e r e d  more b y  t h e  a c i d  s o i l  c o n d i t i o n s ,  f rom  
th e  p o i n t  o f  v iew  o f  num bers  o f  s e e d l i n g s ,  th a n  t h e  
K e n t i s h ,  t h e  l a t t e r  s u f f e r e d  m ore , e s p e c i a l l y  on t h e  
p e a t y  s o i l ,  d u r i n g  t h e  s u b s e q u e n t  d e v e lo p m e n ta l  p e r i o d .
On t h e  p e a t y  s o i l  b o t h  s t r a i n s  e x p e r i e n c e d  d i f f i c u l t y  
i n  e m e rg in g  f ro m  t h e  s e e d l i n g  s t a g e  and  b ecom ing  e s ta b l i s h e d  
p l a n t s .  I t  t o o k  t h e  A y r s h i r e  s t r a i n  f u l l y  s i x  w eeks f ro m  
t h e  f i r s t  a p p e a r a n c e  o f  t h e  s e e d l i n g s  above  g ro u n d  t o  
overcom e t h i s  p e r i o d  o f  a r r e s t e d  g ro w th  an d  p r o c e e d  
n o r m a l l y .  On t h e  o t h e r  hand  t h e  t a l l e s t  p l a n t  w h ic h  
t h e  K e n t i s h  c o u ld  p ro d u c e  a f t e r  t h r e e  m onths  was o n ly  3^  
I n c h e s  h i g h  and  t h e  m a j o r i t y  w ere  c o n s i d e r a b l y  s m a l l e r .
I n  a d d i t i o n  t o  h a v i n g  r e t a r d e d  g ro w th ,  t h e  c o n d i t i o n s  o f  
t h e  a c i d  p e a t y  s o i l  seemed t o  h a v e  d e l a y e d  g e r m in a t i o n  
t o  some e x t e n t  th o u g h  t h e  num ber o f  new p l a n t s  a r i s i n g  
f ro m  s e e d s  a c t i v a t e d  l a t e r  was j u s t  s u f f i c i e n t  t o  r e p l a c e  
c a s u a l i t i e s  among t h e  p r e v i o u s l y  e x i s t i n g  s e e d l i n g s .
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On t h e  a c i d  san d y  s o i l  t h e  K e n t i s h  seemed f o r  
a t im e  t o  b e  m ore a d v e r s e l y  a f f e c t e d  th a n  t h e  A y r s h i r e  
b u t  o n l y  t r a n s i t o r i l y .
T i l l e r i n g  was commenced b y  b o t h  s t r a i n s  b e tw e e n  
f i v e  and  s i x  w eeks f ro m  sow ing  th e  s e e d .  I t  b e g a n  f i r s t  
on t h e  sandy  s o i l ,  w i t h  t h e  f o u r  l im e  r e q u i r e m e n t  t r e a t ­
m e n t ,  t h e n  on t h e  same s o i l  w i t h  t h e  one l im e  r e q u i r e m e n t  
and on t h e  n e u t r a l  c l a y  loam . On t h e  u n t r e a t e d  sa n d  t h e  
A y r s h i r e  was e a r l i e r  t h a n  t h e  K e n t i s h .  I t  was some t im e  
l a t e r  b e f o r e  t h e r e  was any  t i l l e r i n g  on t h e  p e a t y  s o i l  
and  t h e r e ,  a s  on t h e  s a n d ,  i t  was m ost p r o f u s e  u n d e r  th e  
h i g h  r a t e  o f  l i m i n g .  I n  t h e  e a r l y  au tum n  when a c t u a l  
c o u n t s  o f  t h e  t i l l e r s  w ere  made i t  w as n o t i c e a b l e  t h a t  
f o r  t h e  m o s t  p a r t  w h ere  t i l l e r i n g  h a d  b eg u n  e a r l i e s t  i t  
was m o s t  a b u n d a n t .  I n  a l l  c a s e s  t h e  f o u r  l im e  r e q u i r e ­
m en t t r e a t m e n t  gave  t h e  g r e a t e s t  a v e r a g e  num ber o f  t i l l e r s  
e x c e p t  i n  t h e  c a s e  o f  t h e  K e n t i s h  s t r a i n  on th e  san d y  s o i l  
w h e re  t h e  num ber was a l m o s t  th e  same as  on t h e  one l im e  
r e q u i r e m e n t ;  a n d  i n  a l l  c a s e s  e x c e p t  t h e  A y r s h i r e  s t r a i n  
o n  t h e  p e a t y  s o i l  t h e r e  was a  l a r g e  i n c r e a s e  on th e  one 
l im e  r e q u i r e m e n t  o v e r  t h e  c o n t r o l s .  In d e e d  u p  t o  t h e  
t im e  o f  c o u n t i n g ,  th e  K en t  I n d ig e n o u s  had  f a i l e d  t o  p r o ­
d u c e  a n y  t i l l e r s  on t h e  u n t r e a t e d  p e a t y  s o i l .  The i n d i c a ­
t i o n s  a r e  t h e r e f o r e ,  as  f a r  a s  t i l l e r i n g  i s  c o n c e r n e d ,
t h a t  on a c i d  s a n d y  s o i l  t h e  A y r s h i r e  s t r a i n  r e s p o n d s  
much b e t t e r  to  a d d i t i o n s  o f  l im e  t h a n  t h e  K e n t i s h ,  w h i l e  
on p e a t y  s o i l  t h e  r e v e r s e  i s  t h e  c a s e ,  b u t  w h i l e  t h e  
K e n t i s h  g i v e s  l i t t l e  a d d i t i o n a l  r e s p o n s e  t o  r a i s i n g  th e  
l im e  c o n t e n t  o f  e i t h e r  san d y  o r  p e a t y  s o i l  f ro m  i t s  l im e  
r e q u i r e m e n t  t o  f o u r  t im e s  t h a t  am ount, t h e  A y r s h i r e  d o e s  
g iv e  a n  i n c r e a s e .  The l a t t e r ,  h o w e v e r ,  a p p a r e n t l y  dem ands 
more l im e  th a n  t h e  t h e o r e t i c a l  r e q u i r e m e n t  to  in d u c e  
i n c r e a s e d  t i l l e r i n g  on p e a t y  s o i l .
The num ber o f  t i l l e r s  a lo n e  i s  n o t  a lw a y s  a  
t r u e  I n d i c a t i o n  o f  t h e  am ount o f  g ro w th  w h ich  h a s  b e e n  
m ade, b u t  i f  t i l l e r s  and  a v e r a g e  l e a f  l e n g t h  b e  t a k e n  
t o g e t h e r  t h e n  a  good i d e a  o f  t h e  r e l a t i v e  am ount o f  t o t a l  
g ro w th  c a n  b e  o b t a i n e d .  I f  t h e  a v e r a g e  number o f  t i l l e r s  
b e  m u l t i p l i e d  b y  th e  a v e r a g e  number o f  i n c h e s  o f  l e a f  
l e n g t h ,  a n d  t h e  p r o d u c t  d i v i d e d  b y  100 -  t o  g i v e  e a s i l y  
h a n d le d  f i g u r e s  and e l i m i n a t e  s m a l l  d i f f e r e n c e s  -  an  
I n d e x  o f  Growth i s  o b t a i n e d  f o r  e a c h  c a s e .  A c o m p a r iso n  
o f  th e  I n d e x e s  i n  T a b le  XXIV e n a b l e s  t h e  g r a s s e s  on th e  
d i f f e r e n t  s o i l s  and  t r e a t m e n t s  t o  b e  p l a c e d  i n  th e  same 
r e l a t i v e  p o s i t i o n s  a s  would b e  done b y  a c t u a l  o b s e r v a t i o n .
TABLE/
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TABLE XXIV. LOLIUM PERENNE. INDEXES o f  GROWTH.
S o i l T re a tm e n t A y r s h i r e K en t I n d ig e n o u s
Sandy C o n t r o l 1 .0 3 .3n 1 L .R . 5 .8 4 .1» 4 L .R . 5 .8 4 .8
P e a ty C o n t r o l 1 .7 -n 1 L .R . 1 .6 2 .0tt 4 L .R . 2 .9 3 .2
C la y  loam N i l 2 . 4 2 .9
I t  w i l l  b e  s e e n  f ro m  t h e  above  t a b l e  t h a t  t h e  
p o s i t i o n  f rom  t h e  a s p e c t  o f  t o t a l  g ro w th  i s  n o t  q u i t e  t h e  
same a s  when c o n s i d e r i n g  t i l l e r s  o n l y .  The A y r s h i r e  s t r a i n  
r e s p o n d e d  m ore t o  t r e a t m e n t  on t h e  san d y  s o i l  t h a n  t h e  
K e n t i s h ;  and  t h e  K e n t i s h  more on t h e  p e a t y  s o i l  t h a n  th e  
A y r s h i r e  -  s i n c e  t h e  fo rm e r  g av e  no t i l l e r i n g  on t h e  u n ­
t r e a t e d  s o i l .  T h is  i s  i n  a g re e m e n t  w i t h  t h e  t i l l e r  c o u n t s  
a l o n e .  But w h e re a s  t h e  num ber o f  t i l l e r s  o f  t h e  K e n t i s h  
s t r a i n  d i d  n o t  i n c r e a s e  a p p r e c i a b l y  w i t h  th e  f u r t h e r  
a d d i t i o n  o f  l im e  a n d  t h a t  o f  t h e  A y r s h i r e  d i d ,  t h e  in c re a se d  
l e a f  l e n g t h  o f  t h e  K e n t i s h  te n d e d  to  i n c r e a s e  t h e  g ro w th  
a s  a  w h o le  on t h e  s a n d y  s o i l .  The a d d i t i o n a l  g ro w th  
h o w ev er  was n o t  g r e a t ,  t h e  i n c r e a s e  i n  t h e  I n d e x  b e i n g  
o n l y  0 . 7 .  On t h e  p e a t y  s o i l  t h e  i n c r e a s e  i n  t h e  In d e x  
was p r a c t i c a l l y  t h e  same f o r  b o t h  s t r a i n s ,  1 .3  f o r  t h e  
A y r s h i r e  and 1 .2  f o r  th e  K e n t i s h .
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I t  i s  n o te w o r th y  t h a t  on th e  n e u t r a l  c l a y  loam  
t h e  num ber o f  t i l l e r s  o f  b o t h  s t r a i n s  f e l l  b e tw e e n  th o s e  
on t h e  p e a t y  and san d y  s o i l s  r e c e i v i n g  t h e  one l im e  r e q u i r e ­
m en t t r e a t m e n t ,  b e i n g  h i g h e r  t h a n  on t h e  f o rm e r  and lo w e r  
th a n  on t h e  l a t t e r .  The am ounts  o f  g ro w th  o c c u p ie d  t h e  
same r e l a t i v e  p o s i t i o n s  and  n e v e r  e x c e e d e d  t h a t  on e i t h e r  
s o i l  r e c e i v i n g  f o u r  t im e s  th e  l im e  r e q u i r e m e n t .  On t h i s  
s o i l  t h e  K e n t i s h  s t r a i n  b e n e f i t e d  b y  in c r e m e n t s  o f  l im e  
u p  to  10# b y  w eig ih t o f  t h e  s o i l .  A t h i g h e r  r a t e s  g ro w th  
was d i m i n i s h e d .
DA0TYLI3 GLOMERATA.
The g ro w th  o f  D a c t y l i s  on v a r i o u s  a c i d  s o i l s ,  
u n t r e a t e d  an d  t r e a t e d  w i t h  l im e  h a s  b r o u g h t  o u t  some 
i n t e r e s t i n g  f a c t s .  The s t r a i n  u s e d  i n  S e r i e s  I  was t h e  
same a s  t h a t  r e f e r r e d  to  a s  " D a n ish "  i n  S e r i e s  I I ,  w h i l e  
t h e  s o i l ,  th o u g h  n o t  e x a c t l y  t h e  same as  e i t h e r  t h e  san d y  
o r  t h e  p e a t y  s o i l  o f  S e r i e s  I I  t e n d e d  much more i n  c h a r ­
a c t e r  t o  t h a t  o f  t h e  l a t t e r  th a n  t h e  f o r m e r .  I t  was 
t h e r e f o r e  on t h e  p e a t y  s o i l  o f  t h e  s e c o n d  s e r i e s  t h a t  
t h e  b e h a v i o u r  m o st c l o s e l y  r e s e m b le d  t h a t  of t h e  f i r s t  
s e r i e s .
C o n f i r m a t io n  was o b t a i n e d  o f  th e  e a r l i e r  
o b s e r v a t i o n s  t h a t  w h i l e  y e t  i n  t h e  s e e d l i n g  s t a g e s  much
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b e n e f i t  was o b t a i n e d  b y  t h e  p l a n t s  f ro m  t h e  a d d i t i o n  o f  
l im e  t o  a n  a c i d  s o i l  c o n t a i n i n g  a h i g h  o r g a n i c  m a t t e r  
c o n t e n t .  The b e n e f i t  d i d  n o t  c e a s e  w i t h  t h e  a p p l i c a t i o n  
o f  l im e  a t  t h e  t h e o r e t i c a l  r e q u i r e m e n t  r a t e  b u t  was c o n ­
t i n u e d  t o  a t  l e a s t  tw ic e  t h a t  r a t e .  I n  p o i n t  o f  f a c t  i t  
was c o n t i n u e d  t o  f o u r  t im e s  t h e  l im e  r e q u i r e m e n t  r a t e  
on t h e  s o i l  w i t h  t h e  h i g h e r  o r g a n i c  c o n t e n t .  Nor was 
t h e  i n c r e a s e d  g ro w th  and  v i g o u r  c o n f i n e d  t o  t h e  s e e d l i n g  
s t a g e  b u t  c o n t i n u e d  t h e r e a f t e r  f o r  t h e  d u r a t i o n  o f  t h e  
t r i a l s  -  i n  t h e  f i r s t  s e r i e s  f o r  t h r e e  y e a r s .
On sa n d y  s o i l  a s  on  t h e  p e a t y ,  g r e a t e r  num bers  
and  l a r g e r  p l a n t s  r e s u l t e d  f ro m  g i v i n g  t h e  s o i l  i t s  l im e  
r e q u i r e m e n t .  W h e th e r  t h e  n um bers  and s i z e  w ould  h a v e  
b e e n  f u r t h e r  i n c r e a s e d  b y  tw ic e  t h e  l im e  r e q u i r e m e n t  t h e  
e x p e r im e n t  d i d  n o t  show, b u t  f o u r  t im e s  t h e  r e q u i r e m e n t  
g av e  l a r g e r  p l a n t s  b u t  s m a l l e r  n u m b e rs .  A f t e r  a  y e a r s  
g ro w th  t h e s e  p l a n t s  w ere  s t i l l  s l i g h t l y  t a l l e r  t h a n  t h o s e  
r e c e i v i n g  t h e  one l im e  r e q u i r e m e n t  b u t  w ere  l e s s  p r o f u s e l y  
t i l l e r e d  -  e v e n  l e s s  th a n  t h o s e  r e c e i v i n g  no l im e  -  so 
t h a t  t h e i r  t o t a l  am ount o f  g ro w th  w as c o n s i d e r a b l y  l e s s .
The o f f i c i a l  g e r m i n a t i o n  o f  t h e  D a n i s h  s e e d  
was 96$  b u t  a t  no t im e  d id  th e  num ber o f  s e e d l i n g s  come 
w i t h i n  tw e n ty  o f  t h a t  f i g u r e .  At 39 d a y s  a f t e r  sow ing  
t h e  s e e d s  t h e r e  w ere  o n l y  54 p l a n t s  p e r  100 s e e d s  sown
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on t h e  u n t r e a t e d  s a n d y  s o i l ,  and 56 on t h e  p e a t y  s o i l .  
Where t h e  l im e  r e q u i r e m e n t s  had b e e n  s u p p l i e d  t h e  num bers  
r o s e  t o  68 and 6 6 ,  w h i l e  on th e  n e u t r a l  c l a y  loam  t h e r e  
w ere  6 0 .  W ith  t h e  l im e  r a i s e d  t o  f o u r  t i m e s  t h e  r e q u i r e ­
m e n ts  t h e  num ber was f u r t h e r  i n c r e a s e d  on t h e  p e a t y  s o i l  
t o  72 b u t  on t h e  sa n d  was d e p r e s s e d  t o  6 2 .  The New 
Z e a la n d  s t r a i n  w i t h  a  lo w e r  g e r m i n a t i o n  f i g u r e  -  88$  
p ro d u c e d  q u i t e  a s  many p l a n t s  a s  t h e  D a n i s h .  On t h e  
u n t r e a t e d  s o i l s  58 p l a n t s  p e r  100 s e e d s  w ere  p r e s e n t  on 
e a c h ,  39 d a y s  a f t e r  so w in g .  T h i s  was i n c r e a s e d  on th e  
sa n d y  s o i l  t o  62  an d  on t h e  p e a t y  t o  70 when t h e  l im e  
r e q u i r e m e n t  was g i v e n .  On th e  n e u t r a l  c l a y  loam t h e r e  
w ere  o n l y  4 8 .  W ith  f o u r  t i m e s  t h e  l im e  r e q u i r e m e n t  t h e  
f i g u r e s  r o s e  to  64 a n d  7 2 .  The g e r m i n a t i o n  o f  t h e  W elsh  
s t r a i n  w as 9 0 $ .  C o u n ts  a t  t h e  same d a t e  a s  f o r  t h e  o t h e r s  
showed 56 p l a n t s  on t h e  s a n d y  s o i l  and  42 on t h e  p e a t y .  
T h ese  b o t h  r o s e  t o  76 a t  t h e  one l im e  r e q u i r e m e n t  r a t e .
A t f o u r  t im e s  t h a t  r a t e ,  78 p l a n t s  w ere  r e c o r d e d  on t h e  
s a n d ;  on t h e  p e a t  t h e r e  was a f a l l  t o  5 8 .  On t h e  c l a y  
loam  t h e  num ber was 6 0 .
From t h e s e  d a t a  i t  i s  s e e n  t h a t  b y  t h e  a d d i t i o n  
o f  l im e  t o  t h e  san d y  s o i l  a t  t h e  l im e  r e q u i r e m e n t  r a t e  
t h e  num ber o f  s e e d l i n g s  s u r v i v i n g  39 d a y s  a f t e r  sow ing  
o r  a p p r o x i m a t e l y  4 w eeks  a f t e r  g e r m i n a t i o n  commenced,
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i n c r e a s e d  f o r  e a c h  o f  th e  t h r e e  s t r a i n s  t e s t e d .  The 
D a n i s h  s t r a i n  r o s e  b y  14 p e r  100 s e e d s ,  t h e  New Z e a la n d  
b y  4 o n l y  and t h e  W elsh  b y  2 0 .  The i n c r e a s e  o f  l im e  t o  
f o u r  t im e s  t h e  r e q u i r e m e n t  r a t e  r e s u l t e d  i n  a d e c r e a s e  
b y  t h e  D a n i s h  o f  4 ,  and an i n c r e a s e  b y  t h e  New Z e a la n d  
and  W elsh  o f  2 e a c h  o v e r  t h e  num bers  f ro m  t h e  one l im e  
r e q u i r e m e n t  r a t e .  I t  i s  t h e r e f o r e  e v i d e n t  t h a t  f ro m  t h e  
p o i n t  o f  v iew  o f  num bers  o f  s e e d l i n g s ,  w h i l e  t h e  D a n i s h  
and t h e  W elsh  b S n « f i t  on t h i s  s o i l  f ro m  t h e  r e q u i r e m e n t  
r a t e  o f  l i m i n g  t h e r e  i s  n o t h i n g  t o  b e  g a in e d  b y  f u r t h e r  
h e a v y  a d d i t i o n s .  On t h e  o t h e r  h a n d  t h e  New Z e a la n d  
s t r a i n  d o e s  n o t  a p p e a r  t o  b e  m a r k e d ly  i n f l u e n c e d  b y  
e i t h e r  m o d e ra te  o r  h e a v y  a p p l i c a t i o n s .
On t h e  p e a t y  s o i l  t h e  l im e  r e q u i r e m e n t  r a i s e d  
t h e  D a n is h  b y  1 0 ,  t h e  New Z e a la n d  b y  1 2 ,  and  t h e  W elsh  
b y  3 4 .  F o u r  t im e s  t h e  l im e  r e q u i r e m e n t  f u r t h e r  i n c r e a s e d  
t h e  D a n i s h  b y  6 and t h e  New Z e a la n d  b y  2 b u t  d e p r e s s e d  
t h e  W elsh  b y  1 8 .  On t h i s  s o i l  t h e n ,  t h e  f i r s t  r a t e  o f  
l i m i n g  i s  o f  d e c i d e d  b e n e f i t ,  e s p e c i a l l y  t o  t h e  W elsh  
s t r a i n  b u t  t h e  h i g h e r  r a t e  was o f  m a t e r i a l  a d v a n ta g e  
o n l y  t o  t h e  D a n i s h .
As r e f l e c t e d  b y  num ber o f  s e e d l i n g s  t h e  W elsh  
s t r a i n  i s  t h e  m o s t  s e n s i t i v e  t o  a d d i t i o n s  o f  l im e  a t  
t h e  r e q u i r e m e n t  r a t e  on b o t h  s a n d y  and  p e a t y  s o i l s  b u t
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on t h e  l a t t e r ,  v e r y  h e a v y  r a t e s  a p p a r e n t l y  r e d u c e  th e  
n u m b e r s .
The D a n is h  s t r a i n ,  i t  may b e  n o t e d ,  wqs t h e  
o n l y  one t o  show a n y  t e n d e n c y  f o r  t h e  s e e d l i n g s  t o  d i e  
a t  a n  e a r l y  a g e  and t h i s  o n l y  on t h e  u n t r e a t e d  a c i d  s o i l s .  
On t h e  san d y  s o i l  t h e  num bers  a s  p e r c e n t a g e s  o f  t h e  s e e d s  
sown f e l l  f ro m  58 a t  22  d a y s  a f t e r  sow ing  t o  54 a t  39 
d a y s ;  on t h e  p e a t y  s o i l  f ro m  74 t o  5 6 .  Thus t h e  s m a l l ­
n e s s  o f  t h e  num ber o f  p l a n t s  s u r v i v i n g  was d u e  n o t  
e n t i r e l y  t o  t h e  s e e d s  f a i l i n g  t o  p ro d u c e  p l a n t s  b u t  
p a r t l y  t o  t h e  i n a b i l i t y  o f  t h e  s e e d l i n g s  t o  s u r v i v e  on 
th e  a c i d  s o i l .
I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  D a c t y l i s  i s  
b e t t e r  a d a p te d  t o  " l i g h t 1* th a n  to  "heavy** s o i l  t h u s  th e  
s e e d l i n g  c o u n t s  on t h e  c l a y  loam  com pared  w i t h  t h o s e  on 
t h e  san d y  a n d  p e a t y  s o i l s  a r e  i n t e r e s t i n g .  The c l a y  
lo am  showed p r a c t i c a l l y  no  l im e  r e q u i r e m e n t  and  had  a  
h ig h  pH v a lu e  ( 6 .4 5 )  t h e r e f o r e  t h e  q u e s t i o n  o f  a c i d i t y  
b e tw e e n  i t  a n d  t h e  s o i l s  t r e a t e d  a t  t h e  l im e  r e q u i r e m e n t  
r a t e  h a r d l y  a r i s e s .  I f  t h e r e  w ere  a n y t h i n g  i n  i t ,  t h e  
t r e a t e d  s o i l s  m ig h t  h a v e  b e e n  s l i g h t l y  more a c i d  t h a n  
t h e  c l a y  loam  a s  t h e  s a t u r a t i n g  p r o c e s s  p o s s i b l y  m ig h t  
h a v e  b e e n  p r o c e e d i n g  s t i l l  a t  t h i s  t im e .  I n  e v e r y  c a s e  
t h e  n u m b ers  on t h e  sa n d  and  p e a t  e x c e e d e d  t h o s e  on th e
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c l a y  lo am . The D a n i s h  s t r a i n  showed t h e  s m a l l e s t  i n ­
c r e a s e s ,  b e i n g  8 p e r  100 s e e d s  on t h e  san d  and  6 on t h e  
p e a t y  s o i l ;  t h o s e  f o r  t h e  New Z e a la n d  w ere  14 and  2 2 ;  
f o r  t h e  W elsh  16 and 1 6 .  Prom t h i s  i t  a p p e a r s  t h a t  a t  
l e a s t  p a r t  o f  t h e  u n s a t i s f a c t o r y  r e s p o n s e  o f  D a c t y l i s  
on c l a y e y  s o i l s  i s  d u e  t o  p o o r  g e r m i n a t i o n .
S in c e  t h e  g e r m i n a t i n g  c a p a c i t y  o f  t h e  s e e d s  o f  
t h e  s t r a i n s  v a r i e s ,  t h e  same d e v i c e  may b e  em ployed a s  
i n  t h e  c a s e  o f  L o l iu m  t o  e l i m i n a t e  t h e  d i f f e r e n c e s  i n  
p e r c e n t a g e  g e r m i n a t i o n  and show th e  num ber o f  s e e d l i n g s  
a s  p e r c e n t a g e s  o f  t h e  p o s s i b l e  num ber o f  p l a n t s  w h ic h  
m ig h t  be  p r o d u c e d  -  t h e  o f f i c i a l  g e r m i n a t i o n  p e r c e n t a g e  
b e i n g  t a k e n  a s  t h e  maximum p o s s i b l e .  T h is  h a s  b een  done  
w i t h  t h e  r e s u l t s  shown i n  T a b le  XXV.
TABLE XXV. DACTYLIS GLOMERATA.
P e r c e n t a g e s  o f  P o s s i b l e  Number o f  P l a n t s  
_______ a t  39 Days a f t e r  Sowing S e e d .______
S o i l T r e a tm e n t D a n is h New Z e a la n d W elsh
S andy C o n t r o l 5 6 .2 6 5 .9 6 2 .2n 1 L .R . 7 0 .8 7 0 .4 8 4 .4N 4 L .R , 6 4 .6 7 2 .7 8 6 .6
P e a t y C o n t r o l 5 8 .3 6 5 .9 4 6 .6t» 1 L .R . 6 8 .7 7 9 .5 8 4 .4n 4 L .R . 7 5 .0 8 1 .8 6 4 .4
C la y  loam N i l 6 2 .5 5 4 .5 6 6 .6
A v e ra g e 6 5 .1 7 0 .1 7 0 .7
O f f i c i a l  G e r m in a t io n 96% 88# 90%
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C o n t r a r y  t o  t h e  f i n d i n g s  i n  t h e  c a s e  o f  L o liu m  
t h e  ab o v e  f i g u r e s  r e v e a l  t h a t  f o r  t h i s  s p e c i e s  t h e  s t r a i n  
w i t h  t h e  h i g h e s t  g e r m i n a t i n g  c a p a c i t y  u n d e r  t h e  o f f i c i a l  
t e s t  gave t h e  l o w e s t  p e r c e n t a g e s  o f  p o s s i b l e  p l a n t s ,
t h e  D a n i s h  g i v i n g  on t h e  a v e r a g e  5$ l e s s  t h a n  e i t h e r
t h e  New Z e a la n d  o r  t h e  W elsh . I t  i s  i n t e r e s t i n g  t o  n o t e  
how n e a r l y  a l i k e  a r e  t h e  a v e r a g e  num bers  f o r  t h e s e  two
s t r a i n s ,  -  7 0 .1 $  and 7 0 .7 $ .
The d i f f e r e n c e s  i n  num bers  o f  a c t u a l  p l a n t s  
w ere  s u f f i c i e n t l y  g r e a t  t o  l e a v e  t h e  r e l a t i v e  p o s i t i o n s  
p r a c t i c a l l y  u n c h a n g e d  when r e c a l c u l a t e d  o n  t h e  b a s i s  o f  
v i a b i l i t y .  Thus t h e  p r e v i o u s  r e m a rk s  h o l d  a l s o  f o r  th e  
p e r c e n t a g e s  o f  p o s s i b l e  num ber o f  p l a n t s  p r o d u c e d .  I t  
i s ,  h o w e v e r ,  n o t e w o r th y  t h a t  w h i l e  f o r  t h e  D a n is h  a n d  
New Z e a la n d  s t r a i n s ,  t h e  h i g h e s t  num ber o f  s u r v i v i n g  
p l a n t s  o f  e a c h  w as 72 p e r  100 s e e d s  (on  P e a ty  s o i l ,  4 L . R . j  
when c a l c u l a t e d  a s  p e r c e n t a g e s  o f  t h e  p o s s i b l e  t h e  f o rm e r  
p r o d u c e d  o n l y  7 5 .0  b u t  t h e  l a t t e r  8 1 . 8 .  The h i g h e s t  
p e r c e n t a g e  o f  t h e  p o s s i b l e  o v e r  a l l  ( 8 6 .6 )  was r e c o r d e d  
b y  the W elsh  s t r a i n  on t h e  s a n d y  s o i l  r e c e i v i n g  f o u r  
t i m e s  i t s  l im e  r e q u i r e m e n t .  T h i s  h o w ev er  was o n l y  2 .2  
b e t t e r  t h a n  w h ere  t h e  b a r e  l im e  r e q u i r e m e n t  was g i v e n  
on e i t h e r  t h e  s a n d y  o r  th e  p e a t y  s o i l .
The l o w e s t  p e r c e n t a g e  o f  t h e  p o s s i b l e  ( 4 6 .6 )
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was g i v e n  b y  t h e  same s t r a i n  on t h e  u n t r e a t e d  p e a t y  s o i l ,  
t h u s  t h e  r e m a r k a b le  i n c r e a s e  o f  5 7 .8 $  was o b t a i n e d  f ro m  
th e  one l im e  r e q u i r e m e n t  t r e a t m e n t .
The p r e v i o u s  re m a rk s  have  b een  made i n  r e s p e c t  
o f  s e e d l i n g  n u m b e rs ,  and  i t  may h a v e  b e e n  n o t i c e d  t h a t  
t h e  num bers  on t h e  p e a t y  s o i l  w here  q u i t e  a s  l a r g e  a s  
on t h e  san d y  s o i l .  S u b s e q u e n t  g ro w th  how ever showed 
t h a t  t h e  p l a n t s  o f  a l l  s t r a i n s  had  much g r e a t e r  d i f f i ­
c u l t y  i n  d e v e l o p i n g  on t h e  p e a t y  t h a n  on th e  sandy  s o i l .  
T h is  was p a r t i c u l a r l y  so  w here  no t r e a t m e n t  was g i v e n .
So w eak in d e e d  was t h e  g ro w th  on t h e  p e a t y  s o i l  t h a t  
t h i n n i n g  was u n n e c e s s a r y  a s  t h e r e  was no d a n g e r  o f  
c r o w d in g .  M oreo v er  i n  no c a s e  d i d  t i l l e r i n g  t a k e  p l a c e  
e v e n  f e e b l y  d u r i n g  t h e  w h o le  p e r i o d  o f  t e s t .  Where t h i s  
s o i l  w as  s u p p l i e d  w i t h  l im e  h o w e v e r ,  a l t h o u g h  g row th  was 
som ew hat c h e c k e d  i n  t h e  e a r l y  s t a g e s ,  t h e  p l a n t s  p r o ­
g r e s s e d  v i g o r o u s l y  l a t e r  i n  th e  s e a s o n  p a r t i c u l a r l y  
w here  f o u r  t i m e s  t h e  l im e  r e q u i r e m e n t  was g iv e n  and i n  
some c a s e s  t h e y  s u r p a s s e d  t h o s e  g ro w in g  on t h e  san d y  s o i l ,
I n  e v e r y  i n s t a n c e  g ro w th  was s t r o n g e r  i n  t h e  
e a r l y  s t a g e s  on  t h e  s a n d y  and c l a y  loam  s o i l s  t h a n  i n  
t h e  p e a t y .  T h is  was m ost p ro n o u n c e d  w i t h  t h e  D a n i s h  
s t r a i n ,  b u t  w i t h  a l l  s t r a i n s  on b o t h  a c i d  s o i l s  t h e r e  
w ere  d i s t i n c t  i n c r e m e n t s  o f  g ro w th  w i th  i n c r e a s e d  a p p l i -
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c a t i o n  o f  l i m e .  The am ount o f  g ro w th  on t h e  n e u t r a l  
loam w as s i m i l a r  t o  t h a t  on t h e  san d y  s o i l  r e c e i v i n g  
i t s  l im e  r e q u i r e m e n t .
The ad d e d  l im e  h ad  q u i t e  a  n o t i c e a b l e  i n f l u e n c e  
on t h e  t i l l e r i n g .  T h i s  was s e e n  to  commence f i r s t  on 
t h e  s o i l s  m o st h e a v i l y  l im e d  and  t o  o c c u r  i n  o r d e r  a s  
t h e  l im e  c o n t e n t  d e c r e a s e d .  On th e  s a n d y  s o i l  t h i s  
d e v e lo p m e n t  to o k  p l a c e  e a r l i e r  t h a n  on t h e  p e a t .
T i l l e r  c o u n t s  made on th e  p l a n t s  i n  s i t u  
d u r i n g  e a r l y  au tum n showed t h a t  t h e  e a r l y  commencement 
on  t h e  h e a v i l y  l im e d  s a n d y  s o i l  had n o t  g i v e n  a n y  c o n ­
t i n u e d  a d v a n t a g e .  I n  f a c t  t h e  D a n is h  and W elsh  s t r a i n s  
h ad  a  s m a l l e r  a v e r a g e  num ber o f  t i l l e r s  t h e r e  t h a n  w here  
e i t h e r  no t r e a t m e n t  o r  one  l im e  r e q u i r e m e n t  was g i v e n .
On t h e  p e a t y  s o i l ,  how ever  t h i s  was n o t  s o .  As a l r e a d y  
i n d i c a t e d  t h e r e  was no t i l l e r i n g  on t h e  c o n t r o l s  b u t  t h e  
i n c r e a s e  f ro m  t h e  f o u r  o v e r  t h e  one l im e  r e q u i r e m e n t  was 
v e r y  l a r g e  f o r  th e  New Z e a la n d  an d  W elsh  s t r a i n s  and  
s l i g h t  f o r  th e  D a n i s h .  The a v e r a g e  i n c r e a s e s  p e r  p l a n t  
w ere  -  New Z e a la n d  5 . 3 ,  W elsh 9 . 0 ,  D a n i s h  0 . 8 .
T h e re  was an i n c r e a s e  i n  e a c h  c a s e  on t h e  
sa n d y  s o i l  r e c e i v i n g  one l im e  r e q u i r e m e n t  com pared  t o  
t h e  u n t r e a t e d  s o i l  b u t  i t  was n e v e r  g r e a t .  F o r  t h e  
D a n i s h  i t  was 1 . 1 ,  f o r  New Z e a la n d  2 . 4 ,  f o r  W elsh  1 . 5 .
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A l t  hough t h e  a v e r a g e  num bers  o f  t i l l e r s  on t h e  p e a t y  
s o i l  r e c e i v i n g  t h e  l im e  r e q u i r e m e n t  w ere  n o t  g r e a t  i n  
t h e m s e l v e s  i t  m ust be  c o n s i d e r e d  t h a t  t h i s  r a t e  o f  l i m i n g  
i s  v e r y  e f f e c t i v e  i n  i n c r e a s i n g  t i l l e r i n g  s i n c e  w i t h o u t  
l im e  no t i l l e r i n g  t o o k  p l a c e  a t  a l l .
On th e  c l a y  lo am , th o u g h  t h e  num bers  o f  s e e d ­
l i n g s  h ad  b e e n  lo w e r  t h a n  on th e  c o r r e s p o n d i n g  s a n d y  and  
p e a t y  s o i l s ,  s u b s e q u e n t  g ro w th  -  th e  h e i g h t  o f  t h e  p l a n t s  ■ 
w as  a lm o s t  th e  same a s  on t h e  s a n d y  s o i l  t r e a t e d  a t  t h e  
one l im e  r e q u i r e m e n t  r a t e ,  and r a t h e r  b e t t e r  t h a n  on t h e  
p e a t y  s o i l .  The t i l l e r  c o u n t s  i n  e a r l y  au tum n  w ere  i n  
a p p r o x i m a t e l y  t h e  same r e l a t i v e  o r d e r  e x c e p t  f o r  th e  
D a n i s h  s t r a i n  w h ic h  was 2 . 3  l e s s  t h a n  on t h e  san d  and  
0 . 7  l e s s  t h a n  on t h e  p e a t .
W ith  r e g a r d  t o  t i l l e r  p r o d u c t i o n  a s  ju d g e d  
b y  th e  n um bers  i n  e a r l y  au tum n t h e  c o n c l u s i o n  r e a c h e d  i s  
t h a t  a d d i t i o n s  o f  l im e  on s a n d y  s o i l  do n o t  e f f e c t  an y  
s u b s t a n t i a l  i n c r e a s e .  I n d e e d  v e r y  l a r g e  am ounts  may 
r e s u l t  i n  a  d e c r e a s e .  On t h e  o t h e r  h a n d ,  on a c i d  p e a t y  
s o i l  t i l l e r i n g  d o e s  n o t  t a k e  p l a c e  u n t i l  l im e  be  a p p l i e d .  
Even a t  t h e  l im e  r e q u i r e m e n t  r a t e  i t  i s  n o t  a b u n d a n t  and 
may be  l e s s  th a n  on u n t r e a t e d  sandy  s o i l  b u t  w i t h  v e r y  
h e a v y  a p p l i c a t i o n s  i t  becom es p r o f u s e  i n  c e r t a i n  s t r a i n s  
and may e x c e e d  t h e  g r e a t e s t  f o u n d  on san d y  s o i l .  On t h e
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w h o le ,  t i l l e r s  a r e  p ro d u c e d  a s  f r e e l y  on n e u t r a l  c l a y  
lo am  a s  when c o n d i t i o n s  a r e  a t  t h e i r  b e s t  on e i t h e r  s a n d y  
o r  p e a t y  s o i l .
A v e ra g e  l e a f  l e n g t h s  t a k e n  i n  c o n d u c t i o n  w i t h  
t h e  t i l l e r  c o u n t s  w ere  u s e d  a g a i n  i n  t h e  c a l c u l a t i o n  o f  
I n d e x e s  o f  Growth t o  shew t h e  r e l a t i v e  am ounts  o f  v e g e t ­
a t i o n  i n  e a r l y  au tum n. I n  t h e  t a b l e  o f  i n d e x e s  b e lo w ,  
no f i g u r e s  a r e  g i v e n  f o r  t h e  c o n t r o l s  on th e  p e a t y  s o i l  
s i n c e  t h e r e  was no t i l l e r i n g  on t h e s e .
TABLE XXVI. DACTYLI3 GLOMERATA. INDEXES o f  GROWTH.
S o i l T r e a tm e n t D a n i s h New Z e a la n d W elsh
Sandy C o n t r o l . 5 8 . 6 4 . 5 8
n 1  L . R . . 6 1 . 6 3 . 6 8
n 4 L .R . . 4 2 . 7 6 . 6 8
P e a t y C o n t r o l - - -
tt 1 L .R . . 4 8 • 3 7 . 2 1
»t 4 L .R . . 5 3 1 . 0 3 1 . 2 6
C la y  loam N i l . 2 3 . 7 5 . 6 8
A c o n s i d e r a t i o n  o f  th e  I n d e x e s  o f  G rowth show 
t h a t  when t o t a l  g ro w th  i s  t h e  b a s i s  o f  c o m p a r iso n  t h e  
p o s i t i o n s  a r e  i n  many c a s e s  a l t e r e d  from  t h a t  d e c id e d  
o n  num bers  o f  t i l l e r s .  Thus on  t h e  sandy  s o i l  t h e  
h e a v i e s t  l i m i n g  g av e  i n  t h e  c a s e  o f  t h e  D a n is h  s t r a i n  
t h e  l o w e s t  g ro w th  i n d e x  a s  i t  g ave  t h e  s m a l l e s t  number 
o f  t i l l e r s ;  b u t  i n  t h e  c a s e  o f  t h e  W elsh ,  t h e  i n d e x  a t
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t h e  h e a v i e s t  r a t e  was e q u a l  t o  t h a t  w h ere  t h e  one l im e  
r e q u i r e m e n t  was s u p p l i e d ,  sh o w in g  t h a t  t h e  e x t r a  l e n g t h  
o f  l e a f  had c o u n t e r b a l a n c e d  th e  lo w e r  num ber o f  t i l l e r s .  
A l s o ,  t h e  New Z e a la n d  s t r a i n  on t h e  same s o i l  u n t r e a t e d ,
w h i l e  i t  h ad  2 . 4  f e w e r  t i l l e r s ,  had  a s l i g h t l y  g r e a t e r
in d e x  o f  g ro w th  t h a n  when t h e  l im e  r e q u i r e m e n t  was g i v e n .
I n  t h e  c a s e s  o f  th e  New Z e a la n d  and  W elsh on 
t h e  p e a t y  s o i l  r e c e i v i n g  t h e  one and f o u r  l im e  r e q u i r e m e n t  
t r e a t m e n t s ,  t h e  i n d e x e s  show e v e n  g r e a t e r  i n c r e a s e s  t h a n  
w ere  s u g g e s t e d  b y  t h e  num bers  o f  t i l l e r s .  The New Z e a la n d  
s t r a i n  h ad  on t h e  l a t t e r  t r e a t m e n t  2 .0 6  t im e s  t h e  num ber 
o f  t i l l e r s  t h a t  i t  h ad  on t h e  f o r m e r ,  w h e re a s  i t  had  2 .7 8  
t im e s  th e  am ount o f  g ro w th ,  and t h e  W elsh s t r a i n  w i t h  3 . 5
t i m e s  t h e  num ber o f  t i l l e r s  had  6 . 0  t im e s  t h e  amoufct o f
g ro w th .
V iew in g  i n  th e  e a r l y  au tum n t h e  r e s p o n s e s  o f  
g ro w th  a s  a  w h o le  t o  t h e  t r e a t m e n t s ,  i t  i s  s e e n  t h a t  on 
s a n d y  s o i l  t h e  a d d i t i o n  o f  t h e  l im e  r e q u i r e m e n t  h a s  h ad  
no a p p r e c i a b l e  e f f e c t  on e i t h e r  t h e  D a n i s h  o r  New Z e a la n d  
s t r a i n s  b u t  h a s  i n c r e a s e d  t h e  Welsh -  th e  i n c r e a s e  b e i n g  
due  e n t i r e l y  t o  g r e a t e r  t i l l e r i n g .  G r e a t e r  t i l l e r i n g  
a l s o  o c c u r r e d  on t h e  two f o r m e r  s t r a i n s  b u t  w as n u l l i f i e d  
b y  t h e  s h o r t e r  l e a v e s .  F o u r  t im e s  t h e  l im e  r e q u i r e m e n t  
d e p r e s s e d  t h e  D a n i s h ,  i n c r e a s e d  t h e  New Z e a la n d  and l e f t
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t h e  W elsh u n c h a n g e d .  The D a n i s h  owed i t s  p o s i t i o n  t o  a 
d e c r e a s e  i n  t i l l e r s ,  t h e  New Z e a la n d  t o  a n  I n c r e a s e  o f  
b o t h  t i l l e r s  and l e a f  l e n g t h ,  t h e  W elsh  t o  a  d e c r e a s e  
i n  t i l l e r s  and i n c r e a s e  i n  l e a f  l e n g t h .  A l l  o v e r ,  t h e  
New Z e a la n d  s t r a i n  g a v e  t h e  g r e a t e s t  g ro w th  on t h i s  s o i l ,  
t h e  a v e r a g e s  o f  t h e  I n d e x e s  o f  G row th  b e i n g ,  New Z e a la n d  
. 6 8 ,  W elsh  . 6 5 ,  D a n i s h  .5 4 .
On th e  p e a t y  s o i l  w i th o u t  t r e a t m e n t ,  t i l l e r i n g  
d i d  n o t  t a k e  p l a c e  b u t  a s  ju d g e d  b y  t h e  a v e r a g e  h e i g h t  
o f  p l a n t s ,  e q u a l  g ro w th  was made b y  t h e  D a n i s h  and New 
Z e a la n d  s t r a i n s ,  t h e  p l a n t s  b e i n g  t a l l e r  and m ore v i g o r o u s  
t h a n  t h o s e  o f  t h e  W elsh  s t r a i n .  Where t h e  l im e  r e q u i r e ­
m ent w as g i v e n ,  a  m arked  i n c r e a s e  i n  g ro w th  was made b y  
e a c h  s t r a i n .  The o r d e r  was D a n i s h ,  New Z e a la n d  and  W e lsh .  
On t h e  l im e  b e i n g  i n c r e a s e d  t o  f o u r  t im e s  t h e  r e q u i r e m e n t  
a  f u r t h e r  i n c r e a s e  i n  g ro w th  was shown b y  a l l  b u t  t h e  
o r d e r  was r e v e r s e d  -  W e lsh ,  New Z e a la n d  and D a n i s h .  The 
I n d e x e s  o f  G row th s u g g e s t  t h a t  on t h i s  s o i l ,  w h i l e  t h e  
D a n i s h  s t r a i n  b e n e f i t s  much from  l im e  a t  t h e  r e q u i r e m e n t  
r a t e  t h e r e  i s  l i t t l e  f u r t h e r  g a i n  b y  i n c r e a s i n g  t h i s  f o u r  
t i m e s ;  w h e re a s  t h e  New Z e a la n d  and W elsh  s t r a i n s  do  n o t  
g i v e  so much g ro w th  a t  t h e  lo w e r  r a t e  b u t  i n c r e a s e  g r e a t l y  
a t  t h e  h i g h e r  r a t e  g i v i n g  d o u b le  t h e  g ro w th  o f  th e  D a n i s h
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s t r a i n .  M aking a l lo w a n c e  f o r  t h e  h e i g h t  o f  t h e  p l a n t s  
on  t h e  u n t r e a t e d  s o i l ,  f o r  w h ic h  no I n d e x e s  o f  G row th 
a r e  g i v e n ,  t h e  a v e r a g e  am oun ts  o f  g ro w th  o v e r  a l l  o n  t h i s  
s o i l  do n o t  d i f f e r  m uch, t h a t  o f  t h e  New Z e a la n d  and  W elsl 
b e i n g  e q u a l  and  s l i g h t l y  g r e a t e r  t h a n  t h a t  o f  t h e  D a n i s h .
The D a n is h  s t r a i n  on t h e  c l a y  loam  gave  v e r y  
p o o r  g ro w th  -  t h e  p o o r e s t  o f  a l l  f o r  t h i s  s t r a i n  w i t h  
t h e  e x c e p t i o n  o f  t h a t  on t h e  u n t r e a t e d  p e a t y  s o i l .  The 
New Z e a la n d  a n d  W elsh  s t r a i n s  on t h e  o t h e r  h an d  w ere  
a lm o s t  a s  good on t h e  c l a y  loam  a s  on t h e  s a n d y  s o i l  
t r e a t e d  a t  t h e  f o u r  l im e  r e q u i r e m e n t  r a t e ,  n o t  n e a r l y  so 
good a s  on t h e  p e a t y  s o i l  r e c e i v i n g  t h e  f o u r  l im e  r e q u i r e ­
m en t b u t  much b e t t e r  t h a n  w here  t h e  one l im e  r e q u i r e m e n t  
was g i v e n  t o  t h e  s o i l .  A g a i n s t  t h i s  h a s  t o  be o f f s e t  
t h e  c o m p a r a t iv e  f e w n e s s  o f  t h e  p l a n t s  p ro d u c e d  on t h e  
c l a y  lo a m , a n d  t h e  f a c t  t h a t  t h e  above  c o m p a r is o n s  w ere  
made f ro m  p l a n t  a v e r a g e s  a f t e r  t h e  young s e e d l i n g s  had  
b e e n  t h i n n e d  t o  l e a v e  t h e  same num ber o f  p l a n t s  p e r  p o t .  
On t h i s  s o i l  r e c e i v i n g  l a r g e  in c r e m e n t s  o f  l im e  -  up  t o  
80$ o f  t h e  w e i g h t  o f  s o i l ,  t h e  b e h a v i o u r  o f  t h e  W elsh  
s t r a i n  was i r r e g u l a r ,  b o t h  a s  r e g a r d s  num ber o f  s e e d l i n g s  
p r o d u c e d  and  s u b s e q u e n t  g ro w th .
-1 0 4 -
PHLEUM PRATENSE
The s t r a i n  u s e d  i n  t h e  f i r s t  s e r i e s  o f  e x p e r i ­
m e n ts  was s i m i l a r  t o  t h a t  r e f e r r e d  t o  as  “ S c o tc h 11 i n  t h e  
s e c o n d  and  t h e  s o i l  on w h ic h  i t  was grown t e n d e d  i n  
c h a r a c t e r  t o  t h a t  o f  t h e  p e a t y  s o i l  o f  S e r i e s  I I  th o u g h  
t h e  o r g a n i c  m a t t e r  c o n t e n t  was n o t  q u i t e  so  h i g h .  Con­
f i r m a t i o n  was o b t a i n e d  o f  t h e  e a r l i e r  r e s u l t s ,  n am ely  
t h a t  t h i s  g r a s s  b e n e f i t s  g r e a t l y  f ro m  l im e  added  a t  t h e  
l im e  r e q u i r e m e n t  r a t e  t o  a n  a c i d  s o i l  c o n t a i n i n g  much 
o r g a n i c  m a t e r i a l  a n d  t h a t  f u r t h e r  b e n e f i t  a c c r u e s  f ro m  
s t i l l  h e a v i e r  r a t e s .  The a d v a n ta g e  i s  n o t  c o n f in e d  t o  
a n y  one p e r i o d  b u t  i s  c o n t i n u o u s  f ro m  th e  f i r s t  a p p e a r a n c e  
o f  t h e  s e e d l i n g s .
C om paring  t h e  num bers  o f  s e e d l i n g s  p r e s e n t  a 
m o n th  a f t e r  so w in g  t h e  s e e d s  i t  w as fo u n d  t h a t  on  t h e  
a v e r a g e  f o r  a l l  s o i l s  and t r e a t m e n t s ,  t h e  S c o tc h  an d  
G l o r i a  s t r a i n s  w ere  e q u a l ,  w i t h  t h e  W elsh  much b e h i n d .
The a v e r a g e  num bers  p e r  100 s e e d s  w ere  -  S c o tc h  7 1 . 1 ,  
G l o r i a  7 1 . 8 ,  W elsh  5 2 .2 .
As ju d g e d  b y  n u m b e rs ,  a l l  t h r e e  s t r a i n s  shewed 
a  v e r y  p o o r  r e s p o n s e  on a c i d  s a n d y  s o i l  t o  th e  a d d i t i o n  
o f  l im e  e i t h e r  a t  t h e  r e q u i r e m e n t  r a t e  o r  a t  f o u r  t im e s  
t h a t  r a t e .  On p e a t y  s o i l  t h e  r e s p o n s e  was much g r e a t e r
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and  was c o n t i n u e d  w i t h  t h e  h i g h e r  r a t e  o f  t r e a t m e n t .
S in c e  t h e  g e r m i n a t i o n s  o f  t h e  S c o tc h  a n d  W elsh 
s t r a i n s  w e re  f i v e  an d  f o u r  p e r  c e n t ,  r e s p e c t i v e l y  g r e a t e r  
t h a n  t h a t  o f  t h e  G l o r i a ,  t h e  num bers  o f  s e e d l i n g s  h a v e  
b e e n  c a l c u l a t e d  a s  p e r c e n t a g e s  o f  t h e  g e r m i n a t i o n  f i g u r e s ,  
so  t h a t  a  t r u e r  c o m p a r is o n  may be  o b t a i n e d .  As b e f o r e ,  
t h e  o f f i c i a l  g e r m i n a t i o n  f i g u r e  h a s  been  a s su m e d  a s  r e ­
p r e s e n t i n g  th e  maximum p o s s i b l e  num ber o f  p l a n t s  w h ich  
m ig h t  be  p r o d u c e d .  T a b le  XXVII shows t h e  r e l a t i v e  
p o s i t i o n s  on t h i s  b a s i s .
TABLE XXVII. PHLEUM PRATENSE
P e r c e n t a g e s  o f  P o s s i b l e  Number o f  P l a n t s  
_______ a t  59 Days a f t e r  Sowing S eed .______
S o i l T r e a tm e n t S c o tc h W elsh G l o r i a
Sandy C o n t r o l 9 4 .1 4 7 .6 8 7 .5n 1 L .R . 9 6 .4 5 0 .0 9 0 .0tt 4 L .R . 9 8 .8 5 7 .1 9 0 .0
P e a ty C o n t r o l 4 4 .7 6 1 .9 6 2 .5w 1 L .R . 8 2 .3 6 9 .0 9 7 .5
h 4 L .R . 9 5 .3 8 3 .3 1 0 0 .0
C la y  loam N i l 8 0 .0 5 9 .5 9 5 .0
A v e ra g e 8 4 .5 6 1 .2 8 8 .9
O f f i c i a l  G e r m in a t io n 85% 84% 00 o
The p e r c e n t a g e s  o f  th e  p o s s i b l e  num bers  p ro d u ced  
b y  t h e  S c o tc h  and  G l o r i a  s t r a i n s  a r e  s e e n  t o  b e  re m a rk a b ly
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h i g h .  I n d e e d  G l o r i a  on p e a t y  s o i l  r e c e i v i n g  f o u r  l im e  
r e q u i r e m e n t s  d e v e lo p e d  a  p l a n t  f o r  e v e r y  s e e d  i n d i c a t e d  
by  t h e  t e s t  a s  v i a b l e .  G l o r i a ,  a S w ed ish  s t r a i n ,  g av e  
t h e  h i g h e s t  a v e r a g e ,  c l o s e l y  f o l lo w e d  b y  t h e  S c o tc h  s t r a i r  
The W elsh  s t r a i n ,  th o u g h  h a v in g  a lm o s t  a s  h i g h  a  g e r m in a ­
t i o n  f i g u r e  a s  t h e  S c o tc h  g av e  o v e r  20% f e w e r  p l a n t s .
I t  may be  re m a rk e d  t h a t  t h i s  s t r a i n  i s  v e r y  d i f f e r e n t  i n  
c h a r a c t e r  f ro m  t h e  o t h e r s .  I t  i s  an  in d ig e n o u s  s e l e c t i o n  
made b y  t h e  W elsh  P l a n t  B r e e d in g  S t a t i o n  and  i n t e n d e d  
d e f i n i t e l y  f o r  g r a z i n g .  The s e e d s  a r e  s l i g h t l y  s m a l l e r  
and t h e  p l a n t s  a r e  s m a l l e r  i n  e v e r y  way t h a n  t h e  S c o tc h  
o r  G l o r i a .  The l e a v e s  a r e  f i n e  and  num erous and  i n  
c e r t a i n  c i r c u m s t a n c e s  t h e  p l a n t s  t i l l e r  p r o f u s e l y .
F o r  a l l  t r e a t m e n t s  on t h e  s a n d y  s o i l ,  t h e  
S c o tc h  s t r a i n  g a v e  a  h i g h e r  p e r c e n t a g e  o f  t h e  p o s s i b l e  
t h a n  t h e  G l o r i a  and b o t h  o f  t h e s e  much h i g h e r  t h a n  t h e  
W e lsh ,  b u t  t h e  d i f f e r e n c e s  b e tw e e n  t h e  p e r c e n t a g e s  on 
t h e  u n t r e a t e d  s o i l  a n d  t h a t  r e c e i v i n g  i t s  l im e  r e q u i r e m e n t  
w e re  p r a c t i c a l l y  t h e  same f o r  th e  t h r e e  s t r a i n s ,  -  
a c t u a l l y ,  S c o t c h  2 . 3 ,  W elsh 2 . 4 ,  G l o r i a  2 . 5 .  W ith  t h e  
i n c r e a s e  o f  l im e  t o  f o u r  t im e s  t h e  r e q u i r e m e n t  t h e  S c o tc h  
made t h e  f u r t h e r  i n c r e a s e  o f  2 . 4 ,  t h e  W elsh 7 .1  and  th e  
G l o r i a  0 . 0 .
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On t h e  p e a t y  s o i l  a s  a  w h o le  t h e  G l o r i a  s t r a i n
gave  t h e  h i g h e s t  p e r c e n t a g e  o f  p l a n t s ,  and  t h e  W elsh  was
n o t  f a r  b e lo w  t h a t  o f  t h e  S c o t c h .  The p e r c e n t a g e  in c r e a s e s
made a t  t h e  l im e  r e q u i r e m e n t  r a t e  o v e r  t h e  u n t r e a t e d  s o i l
w ere  -  S c o tc h  3 7 . 6 ,  W elsh 7 . 1 ,  G l o r i a  3 5 . 0 .  The f u r t h e r  
i n c r e a s e s  w i t h  t h e  f o u r  l im e  r e q u i r e m e n t  r a t e  w e re  -  
S c o tc h  1 3 . 0 ,  W elsh  1 4 . 3 ,  G l o r i a  2 . 5 .  I t  t h e r e f o r e  a p p e a r s  
t h a t  when a c i d  p e a t y  s o i l  r e c e i v e s  i t s  l im e  r e q u i r e m e n t  
many m ore p l a n t s  o f  t h e  S c o tc h  a n d  G l o r i a  s t r a i n s  and  a  
few more o f  th e  W elsh s t r a i n s  w i l l  be  p r o d u c e d .  A lm ost 
t h e  maximum p o s s i b l e  num ber o f  G l o r i a  p l a n t s  h a v in g  
a p p e a r e d  a t  th e  l im e  r e q u i r e m e n t  r a t e  o n ly  a  few  m ore 
c o u l d  b e  o b t a i n e d  when f o u r  t im e s  t h e  r e q u i r e m e n t  was 
g i v e n .  The i n c r e a s e  h o w ev e r  was c o n t i n u e d  by  t h e  S c o tc h  
and  W elsh s t r a i n s ,  t h a t  o f  th e  l a t t e r  b e i n g  d o u b le  i t s  
f i r s t  i n c r e a s e .
As f a r  a s  num ber o f  s e e d l i n g s  i s  c o n c e r n e d  t h e  
e f f e c t  o f  l im e  on t h e  S c o tc h  s t r a i n  was s m a l l  on  san d y  
s o i l  b u t  was c o n t i n u e d  to  f o u r  t im e s  t h e  r e q u i r e m e n t  on 
p e a t y  s o i l ;  on  t h e  W elsh  i t  was c o n t i n u e d  on b o t h  s o i l s ;  
on  t h e  G l o r i a  i t  was s m a l l  on th e  s a n d y  s o i l  an d  v i r t u a l l y  
c e a s e d  a t  t h e  l im e  r e q u i r e m e n t  r a t e  on t h e  p e a t y  s o i l .
The p e r c e n t a g e s  o f  p l a n t s  on  t h e  n e u t r a l  c l a y
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loam  v a r i e d  c o n s i d e r a b l y  f o r  th e  d i f f e r e n t  s t r a i n s  b u t  
o c c u r r e d  i n  t h e  same o r d e r  a s  t h e  o v e r a l l  a v e r a g e s  and 
i n  t h e  same o r d e r  a s  t h e  p e r c e n t a g e s  on t h e  p e a t y  s o i l  
r e c e i v i n g  t h e  l im e  r e q u i r e m e n t .
The g ro w th  o f  a l l  s t r a i n s  p r o c e e d e d  s t e a d i l y  
on  t h e  san d y  and  c l a y  loam  s o i l s .  G l o r i a  grew m o st  
r a p i d l y  a n d  t h e  W elsh s t r a i n  m o s t  s lo w ly  b u t  f o r  a l l  
s t r a i n s  t h e r e  was a n  o b v io u s  i n c r e a s e  i n  h e i g h t  o f  th e  
p l a n t s  w i t h  t h e  a d d i t i o n  o f  l im e  a t  th e  r e q u i r e m e n t  r a t e  
and  a  f u r t h e r  i n c r e a s e  a t  f o u r  t im e s  t h a t  r a t e .  On t h e  
p e a t y  s o i l  g ro w th  was i n  a l l  c a s e s  v e r y  h e s i t a n t  a t  f i r s t  
b u t  u l t i m a t e l y  w here  l im e  was g i v e n  t h e  p l a n t s  p r o c e e d e d  
h e a l t h i l y ,  a g a i n  b e i n g  t a l l e r  a t  t h e  h i g h e r  r a t e .  Where 
no l im e  was g i v e n  g ro w th  w as much r e t a r d e d  and many p l a n t s  
f a i l e d  t o  s u r v i v e  t h e  s e e d l i n g  s t a g e .  B e tw een  s p r i n g  and 
au tum n  t h e  n um bers  o f  t h e  S c o tc h  s t r a i n  f e l l  f ro m  4 4 .7 $  
o f  t h e  p o s s i b l e  t o  2 8 .2 % .  o f  t h e  W elsh  f ro m  6 1 .9 $  to  1 3 .1 $ ;  
o f  t h e  G l o r i a  n o t  a  s i n g l e  p l a n t  r e m a in e d .
Phleum  p r a t e n s e  was t h e  o n l y  s p e c i e s  o f  g r a s s  
d e a l t  w i t h  t h a t  f l o w e r e d  i n  t h e  s e e d l i n g  y e a r ,  and t h e  
a c t u a l  t im e  a t  w h ic h  t h i s  o c c u r r e d  was i n f l u e n c e d  b y  t h e  
r a t e  o f  l i m i n g .  Seven  w eeks f ro m  sow ing  t h e  s e e d  o f  t h e  
S c o tc h  s t r a i n ,  s p i k e s  b e g a n  t o  em erge f ro m  t h e  p l a n t s  on 
s a n d y  s o i l  t r e a t e d  a t  t h e  f o u r  l im e  r e q u i r e m e n t  r a t e .
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F o u r  d ay s  l a t e r  t h e y  a p p e a r e d  on  t h e  same s o i l  r e c e i v i n g  
t h e  one l im e  r e q u i r e m e n t  and s i x t e e n  d a y s  l a t e r  on t h e  
u n t r e a t e d  s o i l .  A lso  on t h i s  s o i l  a t  t h e  h e a v i e r  r a t e  
t h e  W elsh s t r a i n  p ro d u c e d  i t s  f i r s t  i n f l o r e s c e n c e  a 
w eek } .a te r  th a n  th e  S c o tc h .  A g a in  w here  t h e  one r e q u i r e ­
m ent was g i v e n  t h e  s p i k e s  w ere  f o u r  d a y s  l a t e r .  The 
G l o r i a  s t r a i n  a t  t h e  f o u r  and one  l im e  r e q u i r e m e n t s  
d e v e lo p e d  s p i k e s  a t  t h e  same t i m e s  a s  t h e  S c o tc h  s t r a i n .
The S c o tc h  s t r a i n  was th e  o n ly  one t o  p ro d u c e  i n f l o r e s c e n c e s  
on s a n d y  s o i l  r e c e i v i n g  no l im e  and on t h e  c l a y  lo am . O n ly  
one f l o w e r  h e a d  was s e e n  on th e  p e a t y  s o i l  -  t r e a t e d  o r  u n ­
t r e a t e d  a n d  t h a t  was f ro m  t h e  S c o tc h  s t r a i n  w here  t h e  l im e  
r e q u i r e m e n t  was g i v e n .
T i l l e r  c o u n t s  made i n  e a r l y  au tum n r e v e a l e d  
t h a t  on s a n d y  s o i l  t r e a t e d  a t  t h e  l im e  r e q u i r e m e n t  r a t e  
t h e  S c o tc h  s t r a i n  d e v e lo p e d  a g r e a t e r  num ber o f  s h o o t s  
t h a n  w h ere  no  l im e  had  b e e n  g i v e n  b u t  t h e  number was n o t  
f u r t h e r  i n c r e a s e d  a t  f o u r  t i m e s  t h a t  r a t e  -  in d e e d  i t  was 
d e p r e s s e d  t o  n e a r l y  t h a t  on t h e  u n t r e a t e d  s o i l .  The 
W elsh  s t r a i n  i n c r e a s e d  i t s  num bers  a t  b o t h  r a t e s ,  h a v in g  
f u l l y  t w i c e  a s  many a t  t h e  h i g h e r  r a t e  a s  w here  no t r e a t ­
m e n t was g i v e n .  The G l o r i a  s t r a i n  was l i t t l e  i n f l u e n c e d .
On t h e  p e a t y  s o i l  G l o r i a  p ro d u c e d  no t i l l e r s  
a t  a l l ,  t h e  S a o tc h  and W elsh s t r a i n s  p ro d u c e d  none i n
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t h e  a b s e n c e  o f  l i m e ,  a  few w here  l im e  was g i v e n  b u t  no 
s u b s t a n t i a l  i n c r e a s e  a t  t h e  h i g h e r  r a t e .
T i l l e r i n g  b y  t h e  W elsh  s t r a i n  on  t h e  c l a y  loam  
was p r o f u s e  -  a n  a v e r a g e  o f  18 t i l l e r s  p e r  p l a n t .  The 
S c o tc h  gave  j u s t  o v e r  h a l f  t h i s  num ber and G l o r i a  o n l y  
a  s i x t h .
I t  may b e  c o n c lu d e d  t h e n  t h a t  i n  a d d i t i o n  t o  
t h e  g r e a t e r  n a t u r a l  t e n d e n c y  o f  t h e  W elsh s t r a i n  t o  
p r o d u c e  t i l l e r s  i t  i s  a l s o  more s u s c e p t i b l e  t o  t h e  i n ­
f l u e n c e  o f  l im e  t h a n  t h e  o t h e r s  an d  c a n  r e s p o n d  t o  l a r g e r  
q u a n t i t i e s .
C om bin ing  t h e  f i g u r e s  f o r  a v e r a g e  t i l l e r  n um bers  
w i t h  t h e s e  f o r  a v e r a g e  l e a f  l e n g t h  i n  e a r l y  au tum n t o  g i v e  
I n d e x e s  o f  G rowth a s  b e f o r e  t h e  r e s u l t s  g i v e n  i n  T a b le  
XXVIII a r e  o b t a i n e d .
TABLE X X V III. PHLEGM PRATENSE. INDEXES o f  GROWTH.
S o i l T r e a tm e n t S c o tc h W elsh G l o r i a
Sandy C o n t r o l .8 4 .4 8 .3 9n 1 L .R . 1 .6 8 1 .1 2 .4 1N 4 L .R . .8 3 1 .4 6 .4 8
P e a t y C o n t r o l - - -M 1 L .R . .4 8 .1 8 -n 4 L .R . .9 1 .3 1 -
C lay  loam N i l 1 .2 7 1 .3 5 .1 5
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The ab o v e  f i g u r e s  show t h a t  b y  e a r l y  au tum n 
t h e  S c o tc h  had  g i v e n  much t h e  g r e a t e s t  g ro w th  o f  t h e  t h r e e  
s t r a i n s  on s a n d y  s o i l  u n t r e a t e d  and  t r e a t e d  a t  t h e  l im e  
r e q u i r e m e n t  r a t e ;  a l s o  t h a t  th e  i n c r e a s e  o b t a i n e d  b y  t h e  
t r e a t m e n t  was g r e a t e s t  f o r  t h e  S c o tc h  s t r a i n .  The i n ­
c r e a s e s  a s  shown by  t h e  d i f f e r e n c e s  i n  t h e  I n d e x e s  o f  
Growth w ere  -  S c o tc h  . 8 4 ,  W elsh  . 6 4 ,  G l o r i a  . 0 2 .  A t f o u r  
t i m e s  t h e  l im e  r e q u i r e m e n t  r a t e  t h e  S c o tc h  f e l l  b a c k  b u t  
t h e  W elsh  and  G l o r i a  made f u r t h e r  s l i g h t  g a i n s .
On t h e  p e a t y  s o i l  no t i l l e r i n g  o c c u r r e d  i n  t h e  
a b s e n c e  o f  l im e  th o u g h  t h e  p l a n t s  o f  t h e  S c o tc h  s t r a i n  
w ere  s l i g h t l y  t a l l e r  t h a n  t h e s e  o f  t h e  W e lsh .  As p r e ­
v i o u s l y  m e n t io n e d  no G l o r i a  p l a n t s  s u r v i v e d  h e r e .  A t t h e  
one  l im e  r e q u i r e m e n t  t i l l e r s  w ere  p ro d u c e d  and  l e a f  l e n g t h s  
i n c r e a s e d  b y  b o t h  S c o tc h  and  W elsh  s t r a i n s  w i t h  a n  i n c r e a s e  
i n  b o t h  a t  f o u r  t i m e s  t h e  l im e  r e q u i r e m e n t .  A t b o t h  t r e a t ­
m e n ts  t h e  S c o tc h  g av e  much t h e  g r e a t e s t  g ro w th .  G l o r i a  
fo rm ed  no t i l l e r s  on t h i s  s o i l  a t  a l l  n o r  was t h e  l e a f  
l e n g t h  i n c r e a s e d  b y  t h e  h e a v i e r  r a t e  o f  l i m i n g .  T h i s  
s t r a i n  g av e  v e r y  f e e b l e  g ro w th  on  t h e  c l a y  loam  w h e re a s  
t h e  S c o tc h  a n d  W elsh t i l l e r e d  s t r o n g l y  and  h a d  good l e a f  
l e n g t h .  I n d e e d ,  a s  t h e  I n d e x e s  o f  G row th show , t h e i r  
p e r f o r m a n c e s  h e r e  w ere  o n l y  e q u a l l e d  b y  t h a t  o f  t h e  S c o tc h
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on t h e  s a n d y  s o i l  r e c e i v i n g  i t s  l im e  r e q u i r e m e n t  and  b y  
t h e  W elsh on t h e  same s o i l  r e c e i v i n g  f o u r  t i m e s  t h e  l im e  
r e q u i r e m e n t .
B e s i d e s  sh o w in g  t h a t  i n  a l l  c a s e s  i n c r e a s e d  
g ro w th  can b e  o b t a i n e d  f ro m  t h e s e  g r a s s e s  b y  a d d in g  t h e  
l im e  r e q u i r e m e n t s  t o  a c i d  s o i l s ,  t h e s e  r e s u l t s  a r e  o f  
i n t e r e s t  i n  sho w in g  t h e  d i f f e r e n t  b e h a v i o u r  on d i f f e r e n t  
s o i l s .  I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  Phleum  i s  e m i n e n t l y  
s u i t e d  t o  s o i l s  w i t h  a l a r g e  c l a y  f r a c t i o n .  The r e s p o n s e s  
h e r e  a r e  i n  a c c o r d a n c e  w i th  t h a t  b e l i e f  e x c e p t  i n  t h e  c a s e  
o f  t h e  G l o r i a  s t r a i n  w h ic h  i n  t h e s e  e x p e r im e n t s  d i d  n o t  
f u l f i l  i t s  e a r l y  p r o m is e .  F u r t h e r ,  t h i s  s p e c i e s  i s  o f t e n  
h e l d  t o  b e  one o f  th e  m o s t  s u c c e s s f u l  on p e a t y  s o i l .  I t  
h a s  n o t  b e e n  fo u n d  s o  h e r e .  On th e  c o n t r a r y  a l l  s t r a i n s  
c o n s i d e r e d  h a v e  g i v e n  s u p e r i o r  g ro w th  on s a n d y  s o i l .
ALOPBCURUS FRATENSIS.
The g e r m i n a t i n g  c a p a c i t y  o f  t h e  s e e d  o f  t h i s  
s p e c i e s  i s  g e n e r a l l y  lo w . The s e e d  u s e d  f o r  t h e  e x p e r i ­
m e n ts  had  o n l y  a  g e r m i n a t i o n  o f  73^ b u t  i n  a d d i t i o n  t o  
t h a t  i t  was fo u n d  t h a t  o n ly  a  c o m p a r a t i v e l y  s m a l l  num ber 
o f  t h e  s e e d s ,  i n d i c a t e d  a s  v i a b l e  b y  t h e  g e r m i n a t i o n  t e s t ,  
a c t u a l l y  p r o d u c e d  p l a n t s .  The num bers  o f  p l a n t s  w h ich  
m ig h t  p o s s i b l y  h a v e  g row n , a s s u m in g  t h a t  e v e r y  so  c a l l e d
- l e ­
v i a b l e  s e e d  u n d e r  some c i r c u m s t a n c e s  c o u ld  h a v e  d e v e lo p e d  
a p l a n t  h av e  b e e n  c a l c u l a t e d  a s  p e r c e n t a g e s  and  a r e  g iv e n  
i n  T a b le  XXIX.
TABLE XXIX. A LOPE CIJRUS PRATENSIS.
P e r c e n t a g e s  o f  P o s s i b l e  Number o f  P l a n t s  
_______ a t  57 D ays a f t e r  Sowing S eed .
S o i l T re a tm e n t P e r c e n t a g e s
Sandy C o n t r o l 6 0 . 3n 1  L . R . 6 0 . 3n 4  L . R . 6 3 . 0
P e a t y C o n t r o l 1 0 . 9n 1  L . R . 2 4 . 7n 4 L .R . 3 2 . 9
C la y  loam N i l 4 9 . 3
W h ile  t h e  p e r c e n t a g e s  a r e  lo w , th e y  a r e ,  on t h e  
s a n d y  s o i l ,  v e r y  c o n s i s t e n t  and show no  e v id e n c e  o f  h a v i n g  
b e e n  i n f l u e n c e d  b y  t h e  a d d i t i o n s  o f  l im e .  On th e  u n t r e a t e d  
p e a t y  s o i l  t h e  p l a n t s  w ere  f e w e s t  o f  a l l  and  w ere  s low  t o  
a p p e a r .  A l th o u g h  t h e  num bers  w ere  s t i l l  s m a l l  f o r  e i t h e r  
l im e  t r e a t m e n t  t h e y  showed c o n s i d e r a b l e  i n c r e a s e s .
S u b s e q u e n t  b e h a v io u r  p ro v e d  th e  a d d i t i o n  o f  
l im e  t o  be  b e n e f i c i a l  on b o t h  s a n d y  and p e a t y  s o i l s .
On t h e  f o r m e r  i t  g a v e  n o t  o n ly  i n c r e a s e d  l e n g t h  o f  l e a v e s  
b u t  a  g r e a t e r  num ber o f  t i l l e r s j  on t h e  l a t t e r  i t  p r e v e n t e d
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t h e  c o m p le te  d y in g  o f f  o f  t h e  p l a n t s  a s  o c c u r r e d  w here  
no t r e a t m e n t  was g i v e n  b u t  i t  was u n a b le  t o  p r e v e n t  a  
r e d u c t i o n  i n  num bers  o r  t o  p ro d u c e  a n y  r o b u s t  t i l l e r i n g  
p l a n t s .
The r e l a t i v e  p o s i t i o n s  i n  e a r l y  au tum n a r e  
g i v e n  b y  t h e  I n d e x e s  o f  Growth i n  T a b le  XXX c a l c u l a t e d  
i n  th e  u s u a l  way.
TABLE XXX. ALOPECURUS PRATENSIS. INDEXES o f  GROWTH.
S o i l T r e a tm e n t I n d e x e s
Sandy C o n t r o l .3 8
tt 1 L .R . 1 .1 7
tt 4 L .R . 1 .5 9
P e a t y C o n t r o l -
n 1 L .R . -
it 4 L .R . -
C la y  loam N i l .7 8
POA TRIVIALIS
I n  t h e  c a s e  o f  t h i s  g r a s s  t h e  r e s u l t s  f ro m  t h e  
e a r l i e r  t r i a l s  w e re  v e r y  l i k e  t h o s e  from  t h e  e x p e r im e n t s  
c a r r i e d  o u t  l a t e r  on s a n d y  s o i l .  The a d d i t i o n  o f  l im e  
g a v e  d e c i d e d l y  i n c r e a s e d  g ro w th  ev en  when c o n t i n u e d  c o n ­
s i d e r a b l y  b ey o n d  t h e  l im e  r e q u i r e m e n t  r a t e ,  and  a t  t h e  
h i g h e r  r a t e s  t h e  p l a n t s  becam e m ore b u s h y  and c o m p a c t .
S e e d l i n g  c o u n t s  showed t h a t  a  h i g b  p e r c e n t a g e  
o f  t h e  s e e d s  p ro d u c e d  p l a n t s  on  sandy  s o i l ,  on c l a y  loam 
t h e  p e r c e n t a g e  was r a t h e r  l e s s  and  was p o o r e s t  on p e a t y  
s o i l .
T a b le  XXXI b e lo w ,  shows th e  num bers c a l c u l a t e d  
a s  p e r c e n t a g e s  o f  t h e  p o s s i b l e  number o f  p l a n t s  o r  o f  
t h e  s e e d s  i n d i c a t e d  a s  v i a b l e  b y  t h e  g e r m in a t i o n  t e s t .
TABLE XXXI. POA TRIVIALIS.
P e r c e n t a g e s  o f  P o s s i b l e  Number o f  P l a n t s  
_______ a t  3V Days a f t e r  Sowing S eed .______
S o i l T re a tm e n t P e r c e n t a g e s
Sandy C o n t r o l 7 6 .9tt 1 L . h . 7 8 .0
n 4 L .f t . 8 0 .2
P e a ty C o n t r o l 4 .4it 1 L .R . 6 1 .5tt 4 L .R , 5 9 .3
C la y  loam N i l 7 2 .5
The i n c r e a s e  o f  1 .1 #  and t h e  f u r t h e r  i n c r e a s e  
o f  2 . 2 #  on t h e  s a n d y  s o i l  do n o t  j u s t i f y  a c l a im  f o r  
l im e  h a v i n g  i n f l u e n c e d  th e  num ber o f  s e e d l i n g s  e i t h e r  
a t  t h e  r e q u i r e m e n t  r a t e  o r  f o u r  t im e s  t h a t  r a t e .  On 
t h e  o t h e r  h an d  i t  p ro v e d  v e r y  e f f e c t i v e  a t  th e  r e q u i r e m e n t  
r a t e  on  t h e  p e a t y  s o i l ,  r a i s i n g  t h e  num bers  f ro m  4 .4 #  to
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6 1 .5 $ ,  b u t  no f u r t h e r  i n c r e a s e  r e s u l t e d  f ro m  t h e  f o u r  
l im e  r e q u i r e m e n t  r a t e .
Though t h e  n u m b ers  w ere  n o t  much a f f e c t e d  b y  
t h e  l im e  on san d y  s o i l  t h e  s u b s e q u e n t  g ro w th  was d e c i d e d l y  
i n f l u e n c e d .  Where t h e  s o i l  was l e f t  u n t r e a t e d  t h e  l e a f  
l e n g t h  was q u i t e  a s  g r e a t  a s  a t  t h e  l im e  r e q u i r e m e n t  r a t e  
b u t  f e w e r  t i l l e r s  w ere  d e v e lo p e d :  and  a t  t h e  f o u r  l im e  
r e q u i r e m e n t  r a t e  b o t h  l e a f  l e n g t h  and  num ber o f  t i l l e r s  
w ere  i n c r e a s e d .
No p l a n t s  s u r v i v e d  on t h e  u n t r e a t e d  p e a t y  s o i l ,  
an d  th o u g h  num bers  w ere  r e d u c e d ,  t i l l e r i n g  o c c u r r e d  on 
th e  a d d i t i o n  o f  l im e  w i t h  f u r t h e r  s l i g h t  i n c r e a s e  b o t h  
o f  t i l l e r s  and l e a f  l e n g t h  a t  t h e  f o u r  l im e  r e q u i r e m e n t  
r a t e .
The r e l a t i v e  am o u n ts  o f  g ro w th  s h o w i n g . i n  e a r l y  
au tum n a r e  i n d i c a t e d  be low  i n  T a b le  XXXII.
TABLE XXXII. POA TRIVIALIS. INDEXES o f  GROWTH.
S o i l T r e a tm e n t I n d e x e s
Sandy C o n t r o l .7 8n 1 L .R . .9 0
it 4 L .R . 1 .5 6
f e a t y C o n t r o l -
it 1 L .R . .0 9
it 4 L .R . .1 2
C lay  loam N i l .4 9
C y n o su ru s  c r i s t a t u s ,  A g r o s t i s  v u l g a r i s  and  
F e a t u c a  o v ln a  w ere  n o t  d e a l t  w i t h  i n  d e t a i l  b u t  i n  t h e  
o b s e r v a t i o n a l  t r i a l s  i t  was s e e n  t h a t  b o t h  C y n o su ru a  
and A g r o s t i s  t e n d e d  t o  grow  more q u i c k l y  i n  t h e  e a r l y  
s t a g e s  w h ere  t h e  h e a v i e s t  a p p l i c a t i o n  ( t h r e e  t i m e s  t h e  
l im e  r e q u i r e m e n t )  o f  l im e  h a d  b e e n  g i v e n .  No o u t s t a n d i n g  
b e n e f i t  was m a i n t a i n e d  from  t h e  l i m i n g  e x c e p t  t h a t  Cyno- 
s u r u s  commenced g r o w th  r a t h e r  e a r l i e r  i n  s p r i n g .  The 
o n l y  c a s e  e n c o u n t e r e d  w here  l i m i n g  a p p e a r e d  t o  r e t a r d  
s e e d l i n g  g ro w th  w as t h a t  o f  F e s t u c a  o v i n a ,  and t h a t  
o n ly  a t  r a t e s  h i g h e r  t h a n  t h e  l im e  r e q u i r e m e n t .  I n  
s p i t e  o f  t h i s  a  h i g h  r a t e  e n a b l e d  t h e  p l a n t s  t o  s u r v i v e  
t h e  w i n t e r  m ore s u c c e s s f u l l y  a n d  l i k e  C y n o su ru s  s t a r t  
i n t o  g ro w th  e a r l i e r  i n  s p r i n g .
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PLOT EXPERIMENT
GRASS SPECIES on SOIL o f  LOW LIME REQUIRE­
MENT w i t h  ADDED INCREMENTS o f  LIME.
The o b j e c t s  o f  t h i s  e x p e r im e n t  w ere  t o  f i n d ,
(1 )  W h eth e r  s e v e r a l  o f  th e  more common g r a s s  s p e c i e s  
when grown on s o i l  w h ic h  d i d  n o t  e x h i b i t  a  m arked  a c i d i t y  
o r  l im e  r e q u i r e m e n t  w ould  make a n y  v i s i b l e  r e s p o n s e  t o  
a d d i t i o n s  o f  l im e ;  a n d
( 2 )  W h e th e r  th e  c a l c iu m  and n i t r o g e n  c o n t e n t  o f  an y  
o f  t h e  s p e c i e s  was a l t e r e d  b y  s u c h  a d d i t i o n s  o f  l i m e .
PROCEDURE.
The s o i l  -  a  medium loam  -  a t  t h e  g a r d e n s  o f  
A u c h i n c r u i v e , A y r ,  was fo u n d  t o  be  s u i t a b l e  and b y  t h e  
c o u r t e s y  o f  t h e  H o r t i c u l t u r a l  D e p t ,  o f  t h e  W est o f  S c o t ­
l a n d  A g r i c u l t u r a l  C o l l e g e  th e  e x p e r im e n t s  w ere  c o n d u c te d
*
t h e r e .
On t e s t i n g ,  th e  s o i l  showed t h e  f o l l o w i n g  -  
pH 6 .7 8
Lime r e q u i r e m e n t  (H ard y )  0 .0 8 2 #  CaC0 3 .
T h i r t y  two p l o t s ,  e a c h  4 f t .  b y  4 f t .  w ere  l a i d  
o f f  s o  t h a t  t h e  t o t a l  b l o c k  ( e x c l u s i v e  o f  1 f t .  p a t h s )  
m e a su re d  32 f t .  b y  12 f t .  -  e i g h t  row s w i t h  f o u r  p l o t s  
i n  e a c h .  The p l o t s  i n  e a c h  row r e c e i v e d  r e s p e c t i v e l y
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c a l c i u m  c a r b o n a t e  a t  t h e  f o l l o w i n g  r a t e s .
(1 )  C o n t r o l  -  No l im e
(2 )  Lime r e q u i r e m e n t  (1 L .R . )
(3 )  Tw ice t h e  Lime R e q u ire m e n t  (2 L .R . )
(4 )  T h r i c e  t h e  Lime R e q u i re m e n t  ( 3 L .R . )
E a ch  row o f  p l o t s  was d e v o te d  t o  a s i n g l e  
s p e c i e s ,  t h u s  -
( i i  
( i i i  
( i v  
(v  
( v i  
(v i i  
( v i i i
( i )  L o l iu m  p e r e n n e ,  L .
D a c t y l i s  g lo m e r a ta ,  L . 
Phleum  p r a t e n s e , L .  
P e s t u c a  p r a t e n s i s  
C y n o su ru s  c r i s t a t u s 7L. 
Poa t r i v i a l i s ,  L . 
F e s t u c a  o v i n a ,L .
A g r o s t i s  v u l g a r i s , W i t h .
Prom A r m s t r o n g ^  f i g u r e s  ( 3 )  f o r  t h e  a v e r a g e  
w e i g h t s  p e r  t h o u s a n d  s e e d s  o f  t h e  v a r i o u s  s p e c i e s ,  t h e  
w e i g h t s  r e q u i r e d  p e r  p l o t  t o  g iv e  a  s e e d i n g  o f  f o u r  s e e d s  
p e r  s q u a r e  i n c h ,  w ere  c a l c u l a t e d .  T hese  s m a l l  am oun ts  
w ere  d i l u t e d  w i t h  f i n e  d r y  s a n d  and  sown d u r i n g  t h e  l a s t  
week o f  A p r i l  -  a  m onth  a f t e r  t h e  l im e  had  b e e n  i n c o r p o r ­
a t e d  w i t h  t h e  s o i l .
I t  was i n t e n d e d  t o  l e a v e  t h e  p l o t s  u n d i s t u r b e d  
f o r  two y e a r s  an d  make p e r i o d i c a l  o b s e r v a t i o n s  o f  an y  
d i f f e r e n t i a l  r e s p o n s e s  i n  g ro w th  and  d e v e lo p m e n t  to  t h e  
s o i l  t r e a t m e n t s .  S oon , h o w e v e r ,  i t  becam e o b v io u s  t h a t  
d i f f i c u l t y  f ro m  w eeds  was t o  be  e n c o u n t e r e d .
I n  v iew  o f  t h e  s p a r s e  e a r l y  g ro w th  o f  t h e  g r a s s e s
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and  t h e  m ore v ig o r o u s  g ro w th  o f  w eeds on  some p l o t s  t h a n  
o t h e r s  t h e  a l t e r n a t i v e s  w ere  t h e  c o m p le te  c l e a r i n g  o f  a l l  
t h e  p l o t s  w i t h  s u b s e q u e n t  r e p e a t e d  w e e d in g s  b e f o r e  r e s o w ­
i n g  t h e  g r a s s e s ,  o r  l e a v i n g  them  u n to u c h e d  f o r  a  t i m e ,  i n  
t h e  h o p e  t h a t  t h e  g r a s s e s  w ould  b e  a b l e  t o  e s t a b l i s h  
t h e m s e l v e s  s u f f i c i e n t l y  i n  s p i t e  o f  t h e  s t r o n g  c o m p e t i t i o n  
t o  a l l o w  o f  w e e d in g  l a t e r .  The l a t t e r  a l t e r n a t i v e  was 
c h o s e n  a s  e n t a i l i n g  t h e  l e s s  l a b o u r  and  a s  h a v in g  t h e  
p o s s i b i l i t y  o f  s u p p ly i n g  some i n f o r m a t i o n  as  t o  how th e  
s o i l  t r e a t m e n t s  i n f l u e n c e d  th e  weed g r o w th .
Seven  w eeks a f t e r  so w in g  t h e  g r a s s  s e e d s  t h e r e  
was a s t r o n g  weed g ro w th  on  a l l  p l o t s ,  b eco m in g  i n c r e a s ­
i n g l y  p r o f u s e  w i t h  t h e  i n c r e a s e  i n  l i m e .  The m o s t  p r e ­
v a l e n t  w eeds w ere  Sonchus  o l e r a c e u s  ( L ) ,  S t e l l a r i a  m ed ia  
( V i l l .  ) Polygonum  P e r s i c a r i a  (L ) and  Lamium p u rp u re u m  ( L ) .  
So o v e r p o w e r in g  w e re  t h e  w eeds  b y  t h i s  t im e  t h a t  t h e  
C y n o s u ru s  c r i s t a t u s ,  Poa t r i v i a l i s ,  P e s t u c a  o v in a  and 
A g r o s t i s  p l o t s  w ere  h o ed  u p  and  r e s e e d e d .  The o t h e r s  
had  made a  s u f f i c i e n t  s t a n d  t o  p e r m i t  o f  w e e d in g .
Up t i l l  t h e  au tum n  o f  t h e  f i r s t  y e a r  t h e r e  w as 
l i t t l e  d i f f e r e n c e  i n  t h e  g ro w th  o f  t h e  g r a s s e s  w h ich  c o u ld  
b e  a t t r i b u t e d  t o  t h e  d i f f e r e n t  r a t e s  o f  l i m i n g .  However 
D a c t y l i s ,  Phleum  a n d  F e s t u c a  p r a t e n s i s  a p p a r e n t l y  fo u n d
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c o n d i t i o n s  r a t h e r  more f a v o u r a b l e  t o  them  i n  t h e  com bat 
w i t h  w eeds  on t h e  1 L .R .  p l o t s  th a n  on  th e  o t h e r s .  The 
same was t h e  c a s e  w i t h  C y n o s u r u s ,  Poa and  A g r o s t i s .  I n  
f a c t  i t  was o n ly  on t h e  1 L .R .  p l o t s  t h a t  t h e s e  t h r e e  
w ere  a b l e  to  g a i n  a n y  h o ld  a t  a l l  a t  t h e  f i r s t  so w in g .
The i n t e r e s t ,  t h e r e f o r e  i n  t h e  e a r l y  s t a g e s  
c e n t r e s  m a in ly  round  t h e  w e e d s .  On t h e  L o l iu m  p e r e n n e  
p l o t s ,  Sonchus was t h e  o n l y  weed on t h e  c o n t r o l ,  w h i l e  
on t h e  l im e d  p l o t s  t h e r e  w ere  e q u a l  am o u n ts  o f  S onchus  
and  S t e l l a r i a .  None o f  t h e  D a c t y l i s ,  Phleum  o r  ^ e s t u c a  
p r a t e n s i s  p l o t s  was o c c u p ie d  b y  o n ly  one weed s p e c i e s  
b u t  t h e  g ro w th  o f  S t e l l a r i a ,  S onchus  and P e r s i c a r i a  b e ­
came i n c r e a s i n g l y  d e n s e  f ro m  t h e  c o n t r o l  t o  3 L .R .  The 
c o n t r o l  a n d  1 L .R .  o f  t h e  F e s t u c a  o v in a  p l o t s  p r i o r  t o  
r e - s e e d i n g  w ere  c o v e r e d  m a in ly  b y  Sonchus  w h i l e  S t e l l a r i a  
o c c u p i e d  t h e  h e a v i e r  l im e d  p l o t s .  On t h e  c o n t r o l s ,  1 L .R .  
and  2 L .R .  o f  t h e  C y n o s u ru s  and Poa p l o t s ,  S on ch u s  p r e ­
d o m in a te d  w h i l e  3 L .R .  was h e l d  b y  S t e l l a r i a .  The A g r o s t i s  
c o n t r o l  showed S onchus  o n l y ,  1 L .R .  c a r r i e d  Sonchus  and  
P e r s i c a r i a ,  w h i l e  on 2 L .R .  a n d  3 L .R .  t h e r e  was a v e r y  
d e n s e  g ro w th  o f  S o n c h u s ,  P e r s i c a r i a ,  S t e l l a r i a  and Lamium.
From  t h e s e  o b s e r v a t i o n s  i t  w ould  seem t h a t  a l l  
t h e  w eed s  m e n t io n e d  w i t h  t h e  e x c e p t i o n  o f  S o n ch u s  w ere
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more v i g o r o u s  t h e  g r e a t e r  t h e  am ount o f  l i m e ,  t h e  m ost 
c o n s i s t e n t  i n  t h i s  r e s p e c t  b e i n g  S t e l l a r i a .  B u t Sonchus 
f l o u r i s h e d  m o s t  on t h e  u n t r e a t e d  s o i l .
OBSERVATIONS on GRASSES.
L o l iu m  p e r e n n e . T h ro u g h o u t  t h e  f i r s t  and  s e c o n d  w i n t e r s  
t h e  p l a n t s  r e m a in e d  v e r y  g r e e n  show ing  l i t t l e  w i n t e r  b u r n .  
I n  t h e  s p r i n g  1 L .R . showed a  s l i g h t l y  g r e a t e r  g ro w th  
t h a n  t h e  o t h e r  p l o t s  w h ich  w e re  e q u a l .  D u r in g  summer and  
au tu m n  no d i f f e r e n c e s  i n  g ro w th  c o u ld  be  d e t e c t e d .
D a c t y l i s  g l o m e r a t a . D u r in g  t h e  f i r s t  summer a  -u n ifo rm ly  
s t r o n g  g ro w th  w as  made on a l l  p l o t s .  T h i s  b e g a n  t o  b u r n  
e a r l y  i n  au tum n  a n d  b y  m i d - w i n t e r  t h e  p l o t s  w ere  c o v e r e d  
w i t h  a  m ass o f  d e c a y i n g  l e a v e s .  T h is  s p e c i e s  was d e c i d e d l y  
t h e  m o s t  p ro n e  o f  a l l  t o  w i n t e r - b u r n .  I n  s p r i n g  t h e r e  was 
a  s l i g h t l y  i n c r e a s i n g  g ro w th  w i t h  i n c r e a s e d  l i m e .  The 
o n l y  d i f f e r e n c e  n o t i c e a b l e  d u r i n g  summer was t h e  l e s s e r  
t e n d e n c y  o f  t h e  p l a n t s  on th e  c o n t r o l  t o  l o d g e .
Phleum  p r a t e n s e . W in te r  b u m  was s e e n  t o  some e x t e n t  on 
t h e  c o n t r o l  and  1 L .R .  p l o t s .  Much l e s s  was p r e s e n t  on 
2 L .R .  w h i l e  3 L .R .  w as a lm o s t  f r e e ,  t h e  p l a n t s  b e i n g  
much g r e e n e r  t h a n  on t h e  o t h e r  p l o t s .  I n  s p r i n g  th e  
g ro w th  on th e  c o n t r o l  and  1 L .R .  p l o t s  was e q u a l ,  on 2
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L .R .  and  3 L .R .  i t  was e q u a l  th o u g h  t h e  p l a n t s  t h e r e  
w ere  t a l l e r  t h a n  on t h e  tw o f o r m e r  p l o t s .  W ith  t h e  a d ­
v a n c i n g  s e a s o n  d i f f e r e n c e s  i n  h e i g h t  d i s a p p e a r e d  b u t  on 
2 L .R .  an d  3 L .R .  t h e  s tem s  w e re  s o f t e r  and t h e  p l a n t s  
m ore l e a f y  th a n  on th e  c o n t r o l  and l . L . R .
F e s t u c a  p r a t e n s i s . The p l o t s  g av e  a  u n i f o r m l y  v ig o r o u s  
g ro w th  d u r i n g  summer and a l l  b u rn e d  v e r y  r e a d i l y  i n  w i n t e r .  
I n  e a r l y  s p r i n g  t h e  p l a n t s  on 2 L .R .  and 3 L .R .  w ere  
s l i g h t l y  t a l l e r  th a n  on t h e  o t h e r  p l o t s ,  o t h e r w i s e  no 
d i f f e r e n c e  was s e e n  a t  a n y  t i m e .
C y n o su ru s  c r i s t a t u s . A l l  p l o t s  showed t h e  same c o n s i d ­
e r a b l e  am ount o f  w i n t e r  b u r n  w h ich  l a s t e d  on i n t o  M arch . 
S p r in g  g ro w th  w as  u n i f o r m  th o u g h  th e  p l a n t s  becam e m ore 
t u f t e d  w i t h  i n c r e a s e  o f  l i m e .  H o lc u s  l a n a t u s  made i t s  
a p p e a r a n c e  i n  i n c r e a s i n g  am ount w i t h  i n c r e a s e  o f  l i m e .
By summer ( J u n e )  th e  g ro w th  w as g r e a t e s t  on 2 L .R .  f o l l o w e d  
b y  1 L .R .  The c o n t r o l  a n d  3 L .R .  w e re  e q u a l l y  p o o r  i n  
c o m p a r i s o n .
Poa t r i v i a l i s . The f i r s t  summer a l l  p l o t s  p ro d u c e d  a 
s t r o n g  c l o s e  g ro w th  w h ic h  r e m a in e d  g r e e n  and u n b u rn e d  
t h r o u g h o u t  t h e  w i n t e r .  By t h e  f o l l o w i n g  M arch when new 
g r o w th  h a d  commenced, t h e  p l a n t s  on 2 L .R .  a n d  3 L .R . 
w e re  e q u a l  an d  s l i g h t l y  t a l l e r  t h a n  t h o s e  on 1 L .R .  w h ic h
P h o to g ra p h  1 8 .
F e s t u c a  o v i n a  P l o t s .  
May o f  s e c o n d  y e a r .  
Back  t o  f r o n t ;  Con­
t r o l ,  I . L . R . ,
2 L . R . ,  3 L .R .
P h o t o g r a p h  1 9 .
A g r o s t i s  v u l g a r i s  
P l o t s .  May o f  s e c o n d  
y e a r .  Back t o  f r o n t ;  
C o n t r o l ,  1 L . R . ,
2 L . R . ,  3 L .R .
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i n  t u r n  w ere  t a l l e r  t h a n  t h o s e  on t h e  c o n t r o l .  D u r in g  
t h e  n e x t  m onth  *the d i f f e r e n c e  b e tw e e n  t h e  c o n t r o l  and 
t h e  o t h e r  p l o t s  becam e more p ro n o u n c e d ,  t h e  g r e a t e s t  
g ro w th  b e i n g  s e e n  on 3 L .R . As m a t u r i t y  w as r e a c h e d  th e  
d i f f e r e n c e s  i n  t h e  h e i g h t s  o f  t h e  p l a n t s  on t h e  t r e a t e d  
p l o t s  d i s a p p e a r e d  th o u g h  t h a t  b e tw e e n  th e  c o n t r o l  and t h e  
t r e a t e d  p l o t s  r e m a in e d .  On t h e  c o n t r o l  t o o ,  t h e  " s o l e ” 
was o p e n e r  th a n  on t h e  o t h e r s .
F e s t u c a  o v i n a . ( P h o to g r a p h  1 8 ) .  A t no t im e  was t h e r e  
a n y  n o t i c e a b l e  d i f f e r e n c e  i n  g ro w th  o f  i n d i v i d u a l  p l a n t s  
d u e  to  t h e  t r e a t m e n t s .  T h e re  was h o w ev e r  a  s l i g h t  d e c r e a s e  
i n  t h e  am oun t o f  w i n t e r  b u r n  w i t h  i n c r e a s e  i n  l im e  up  t o  
3 L .R . A ls o  t h e  num ber o f  p l a n t s  r e a c h i n g  m a t u r i t y  on 3 
L .R .  was l e s s  th a n  on t h e  o t h e r  p l o t s ,  w h ich  w as a t  l e a s t  
p a r t l y  due  t o  t h e  r e c u r r e n t  weed g ro w th  w here  l i m i n g  was 
h e a v i e s t .
A g r o s t i s  v u l g a r i s . ( P h o to g r a p h  19) D u r in g  t h e  f i r s t  
summer and w i n t e r  no d i f f e r e n c e s  w ere  s e e n .  By t h e  se c o n d  
s p r i n g  t h e  c o n t r o l  showed a n  e v e n  c o v e r  and was g r e e n e s t ,  
w h e re a s  t h e  t r e a t e d  p l o t s  w ere  p a t c h y  th o u g h  t h e  i n d i v i d u a l  
p l a n t s  w e re  t a l l e r  t h a n  on t h e  c o n t r o l .  T h is  was l a r g e l y  
d u e ,  a s  i n  th e  c a s e  o f  F e s t u c a  o v in a  t o  t h e  r e p e a t e d
7  i
e s t a b l i s h m e n t  and  re m o v a l  o f  w e e d s .
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CHEMICAL ANALYSES.
I n  t h e  s e c o n d  week o f  J u n e  o f  t h e  s e c o n d  y e a r ,  
t h e  p l o t s  w ere  c u t  and  sam pled  f o r  c h e m ic a l  a n a l y s i s .
The s t a g e  a t  w h ic h  e a c h  g r a s s  w a s ,  a t  t h e  t im e  o f  s a m p l in g ,  
i s  i n d i c a t e d  b e lo w .
L o l iu m  p e r e n n e  -  F l o w e r in g ,  a n t h e r s  p r o t r u d e d .
D a c t y l i s  g lom . -  F lo w e r in g  p a s t  one w eek .
Phleum  p r a t .  -  I n f l o r e s c e n c e  e m e rg in g  f ro m
s h e a t h .
F e s t u c a  p r a t .  -  I n f l o r e s c e n c e  a lm o s t  f u l l y
d e v e lo p e d .
C y n o su ru s  c r i s t .  -  I n f l o r e s c e n c e  f u l l y  d e v e l o p e d .
F e s t u c a  o v in a  -  I n f l o r e s c e n c e  f u l l y  d e v e l o p e d .
A g r o s t i s  v u l g a r i s  - I n f l o r e s c e n c e  e m e rg in g  f ro m
s h e a t h .
D e t e r m i n a t i o n s  o f  t h e  am oun ts  o f  c a l c iu m  and  
n i t r o g e n  w ere  made t o  f i n d  w h e th e r  t h e s e  had  b e e n  i n f l u e n c ­
ed  b y  t h e  t r e a t m e n t s .  The a v e r a g e s  o f  d u p l i c a t e  a n a l y s e s  
a s  p e r c e n t a g e s  o f  th e  a i r - d r y  w e i g h t s  a r e  g i v e n  i n  
T a b le  XXXIII.
TABLE/
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TABLE X X X III. PERCENTAGES o f  NITROGEN and  
CALCIUM ( a s  Cap) i n  AIR-DRY WEIGHTS o f  GRASSES.
S p e c i e s T r e a tm e n t CaO
#age N i ^ f ? n
L o liu m  p e r . C o n t r o l 0 .5 1 8 1 .9 9 4
n 1 0 .4 7 2 1 .7 0 4
N 2 L .R . 0 .5 7 4 1 .8 3 8
tt 3 L .R . 0 .5 2 8 1 .6 3 7
D a c t y l i s  g lom . C o n t r o l 0 .3 9 5 1 .6 0 3
it 1 L .R . 0 .4 0 6 1 .5 6 2
tt 2 L .R . 0 .3 6 4 . 1 .5 0 8
tt 3 L .R . 0 .3 7 1 1 .4 5 5
Phleum  p r a t . C o n t r o l 0 .4 7 9 1 .7 2 4
tt 1 L .R . 0 .4 2 3 1 .6 2 3
tt 2 L .R . 0 .5 1 4 1 .9 3 9
tt 3 L .R . 0 .5 1 4 1 .9 2 6
F e s t u c a  p r a t . C o n t r o l 0 .7 7 1 1 .6 9 0
tt 1 L .R . 0 .6 5 1 1 .5 4 8
tt 2 L .R . 0 .7 5 9 1 .8 1 8
tt 3 L .R . 0 .7 4 3 1 .7 2 5
C y n o su ru s  c r i s t . C o n t r o l 0 .4 0 2 1 .3 3 3
n 1 L .R . 0 .3 7 8 1 .3 6 1
h 2 L .R . 0 .4 4 8 1 .3 2 0
n 3 L .R . 0 .5 2 8 1 .3 6 1
F e s t u c a  o v in a C o n t r o l 0 .2 6 0 1 .3 0 6» 1 L .R . 0 .2 5 7 1 .2 6 7
tt 2 L .R . 0 .2 5 7 1 .3 2 0
tt 3 L .R . 0 .3 6 0 1 .6 7 0
A g r o s t i s  v u l g . C o n t r o l 0 .5 4 0 1 .9 1 8
tt 1 L .R . 0 .5 0 4 2 .0 7 9
n 2 L .R . 0 .5 2 3 2 .3 3 1
tt 3 L .R . 0 .5 8 4 2 .2 0 5
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DISCUS3I0N
On t h e  w h o le ,  o n ly  s m a l l  r e s p o n s e s  w ere  made 
t o  a d d i t i o n s  o f  l im e  t o  a  medium lo am , w h ic h  a c c o r d i n g  
t o  t h e  H ardy  t e s t  showed a  v e r y  low l im e  r e q u i r e m e n t .
F o r  a  s h o r t  t im e  i n  t h e  se c o n d  s p r i n g  L o l iu m  
p e r e n n e  grew  r a t h e r  t a l l e r  a t  t h e  l im e  r e q u i r e m e n t  t h a n  
a t  t h e  o t h e r  r a t e s  o f  t r e a t m e n t .  The c a l c iu m  c o n t e n t  
o f  t h e  p l a n t s  f ro m  t h i s  t r e a t m e n t  p ro v e d  l a t e r  t o  b e  t h e  
l o w e s t  o f  a n y ,  w h i l e  t h e  n i t r o g e n  c o n t e n t  was 0 . 2 9 %  l e s s  
t h a n  w h ere  no  t r e a t m e n t  h ad  b e e n  g i v e n .
D a c t y l i s  was n o t  v i s i b l y  a f f e c t e d  by  a d d i t i o n s  
o f  l i m e .  I t s  c a l c i u m  c o n t e n t  v a r i e d  s l i g h t l y  b u t  i r r e ­
g u l a r l y  w h i l e  i t s  n i t r o g e n  c o n t e n t  f e l l  g r a d u a l l y  w i t h  
i n c r e a s e d  a p p l i c a t i o n  o f  l i m e .
The c a s e  o f  Phelum  p r a t e n s e  i s  i n t e r e s t i n g .
B o th  a s  r e g a r d s  v i s i b l e  and  c h e m ic a l  r e s p o n s e s  t h e  p l o t s  
f e l l  i n t o  p a i r s ,  t h e  c o n t r o l  and  one l im e  r e q u i r e m e n t  
p l o t s  t o g e t h e r  and t h e  two and t h r e e  l im e  r e q u i r e m e n t  p lo ts  
t o g e t h e r .  The l a t t e r  showed l e s s  w i n t e r  b u r n ,  more 
v i g o r o u s  g r o w th ,  g r e a t e r  s u c c u le n c e  and l e a f  d e v e lo p m e n t  
and  h i g h e r  p e r c e n t a g e s  o f  c a l c iu m  and n i t r o g e n  t h a n  t h e  
two f o r m e r .
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The o n l y  e f f e c t  w h ic h  F e s t u c a  p r a t e n s i s  d i s ­
p l a y e d  was i n  t h e  s l i g h t l y  g r e a t e r  h e i g h t  i n  s p r i n g  o f  
t h e  p l a n t s  on t h e  tw o  p l o t s  r e c e i v i n g  t h e  h i g h e r  r a t e s  
o f  l i m i n g .  T h i s  was r e f l e c t e d  i n  t h e  h i g h e r  n i t r o g e n  
c o n t e n t s  o f  t h e s e  p l a n t s .
The g ro w th  r e s p o n s e s  a n d  t h e  c o n t e n t s  o f  
c a l c i u m  and  n i t r o g e n  o f  C y n o su ru s  w ere  i r r e g u l a r .
C h e m ic a l  a n a l y s e s  w ere  n o t  made f o r  Poa t r i v i a l -  
i s  h u t  o b s e r v a t i o n s  showed t h a t  r a t e s  u p  to  t h r e e  t im e s  
t h e  l im e  r e q u i r e m e n t  gave  i n c r e a s e d  e a r l y  g r o w th .  The 
e f f e c t  o f  l im e  t o o ,  was n o t i c e a b l e  on t h i s  g r a s s  i n  g i v i n g  
a  c l o s e r  and more u n i f o r m  s w a rd ,  a s  t h e  r e s u l t  o f  g r e a t e r  
t i l l e r i n g .
A l th o u g h  a d d i t i o n s  o f  l im e  h ad  l i t t l e  i n f l u e n c e  
on t h e  g ro w th  o f  F e s t u c a  o v in a  i t  d i d  a s  i n  t h e  c a s e  of 
Phleum  t e n d  t o  r e d u c e  t h e  am ount o f  w i n t e r  b u r n  t o  w h ic h  
t h i s  g r a s s  i s  r a t h e r  p r o n e .  The h i g h e s t  r a t e  o f  l i m i n g  
h ad  t h e  f u r t h e r  e f f e c t  o f  r a i s i n g  t h e  p e r c e n t a g e s  o f  
l im e  (CaO) and n i t r o g e n  b y  0 .1 0  and  0 . 3 6  r e s p e c t i v e l y .
I t  seem s p o s s i b l e  t h a t  t h e  am ount o f  w i n t e r  b u r n  i s  r e ­
l a t e d  t o  t h e  c a l c i u m  and n i t r o g e n  c o n t e n t .  I n  t h e s e  
t r i a l s ,  A g r o s t i s  r e m a in e d  v e r y  w i n t e r - g r e e n  and  i t s  
c o n t e n t  o f  c a l c iu m  and  n i t r o g e n  w ere  r e m a r k a b ly  h i g h .
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V iew in g  t h e  c h e m ic a l  a n a l y s e s  a s  a  w h o le ,  i t  
d o e s  n o t  a p p e a r  t h a t  a d d i t i o n s  o f  l im e  t o  a  s o i l  su c h  a s  
was u s e d  i n  t h i s  e x p e r i m e n t ,  whose l im e  r e q u i r e m e n t  was 
lo w ,  e f f e c t s  a n y  c o n s i s t e n t  i n c r e a s e  i n  t h e  l im e  c o n t e n t  
o f  t h e  u s u a l  p a s t u r e  g r a s s e s .  I n d e e d ,  i n  a l l  b u t  one 
c a s e  -  D a c t y l i s  -  t h e  a d d i t i o n  o f  t h e  s m a l l  l im e  r e q u i r e ­
m en t r e s u l t e d  i n  a  f a l l  i n  t h e  c a l c i u m  c o n t e n t .  H ig h e r  
r a t e s  d i d  on o c c a s i o n s  g i v e  a n  i n c r e a s e  b u t  n o t  a lw a y s .
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PASTURE EXPERIMENT
The E f f e c t  o f  C a lc iu m  C a r b o n a te  on 
H erb ag e  and  on S o i l  R e a c t i o n .
I n  1928 e x p e r im e n t s  w ere  i n i t i a t e d  t o  d i s c o v e r  
t h e  e f f e c t s  o v e r  a num ber o f  y e a r s  o f  a p p l i c a t i o n s  o f  
l im e  i n  t h e  fo rm  o f  c a lc iu m  c a r b o n a t e  t o  p a s t u r e  l a n d  
w h ic h  show ed d e f i n i t e  a c i d i t y  and  n e e d  o f  l i m e .  W hile  
t h e  m a in  o b j e c t  i n  v iew  was t o  o b t a i n  d a t a  on t h e  
f l o r i s t i c  c h a n g e  in d u c e d  b y  t h e  t r e a t m e n t s  i t  was a l s o  
h o ped  t h a t  d e t e r m i n a t i o n s  o f  t h e  a l t e r e d  r e a c t i o n s  o f  
t h e  s o i l  m ig h t  b e  o f  v a l u e .
PROCEDURE and  RESULTS
T h a t  r e s u l t s  m ig h t  b e  o f  w id e  a p p l i c a t i o n  
e i g h t  e x p e r i m e n t a l  c e n t r e s  w ere  c h o s e n  a t  s c a t t e r e d  
p o i n t s  t h r o u g h o u t  t h e  s o u th  w e s t  o f  S c o t l a n d .  S o i l s  
w ere  s a m p le d ,  th e  pH and  l im e  r e q u i r e m e n t s  a s c e r t a i n e d  
l im e  a p p l i e d  a c c o r d i n g l y  and  a num ber o f  p r e l i m i n a r y  
o b s e r v a t i o n s  m ade, b u t  t h e  d i f f i c u l t i e s  o f  a d e q u a te  
s u p e r v i s i o n  an d  a  v a r i e t y  o f  o t h e r  c a u s e s  n e c e s s i t a t e d  
t h e  ab an d o n m en t o f  a l l  b u t  t h r e e  c e n t r e s .  T h e se  w ere  
l o c a t e d  on t h e  f a rm s  o f  T u l l i c h e w a n  By B a l l o c h ,  E l l i s -  
l a n d  b y  D u m f r i e s ,  and  W oodhall  b y  Annan.
As a  p r e l i m i n a r y  th e  pH ( w a t e r )  v a l u e  and  l im e
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r e q u i r e m e n t  o f  t h e  s o i l  a t  e a c h  c e n t r e  was d e t e r m in e d  
t o  a s c e r t a i n  w h e th e r  t h e  c e n t r e  p r e s e n t e d  a  s u i t a b l e  
s u b j e c t  f o r  e x p e r i m e n t a t i o n .  T h e r e a f t e r  a t  e a c h  c e n t r e  
f o u r  £  a c r e  p l o t s  w ere  l a i d  o f f ,  -  two c o n t r o l s  ( u n t r e a t e d )  
one r e c e i v i n g  g ro u n d  l i m e s t o n e  s u f f i c i e n t  t o  s u p p ly  c a l ­
c ium  c a r b o n a t e  a t  t h e  l im e  r e q u i r e m e n t  r a t e ,  and one r e ­
c e i v i n g  l i m e s t o n e  a t  a  r a t e  e q u i v a l e n t  t o  2 t o n s  c a l c iu m  
c a r b o n a t e  p e r  a c r e .  The a r r a n g e m e n t  i s  shown i n  t h e  
d ia g r a m  b e lo w .
ARRANGEMENT o f  PLOTS
P l o t  (1 )  
C o n t r o l
P l o t  (2 )
2 t o n s  p e r  
a c r e
P l o t  (4 )  
L . R . r a t e
P l o t  (3 )  
C o n t r o l
The r e a s o n  f o r  t h e  i n c l u s i o n  o f  a  s t a n d a r d  2 
t o n  r a t e  o f  t r e a t m e n t  i n  t h e  e x p e r im e n t  was t h a t  i t  i s  
t h e  r a t e  a r r i v e d  a t  e m p i r i c a l l y  b y  a g r i c u l t u r i s t s  a s  a 
"g o o d  a v e r a g e  d r e s s i n g ” o f  l im e  f o r  a c i d  s o i l  and  i t  
was d e s i r e d  t o  a s c e r t a i n  how t h e  r e s u l t s  f ro m  i t  com p ared  
w i t h  t h o s e  f ro m  r a t e s  c a l c u l a t e d  f ro m  c h e m ic a l  d e t e r m i n a ­
t i o n s .
The l im e  r e q u i r e m e n t s  on w h ic h  a p p l i c a t i o n s
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w ere  b a s e d  w ere  fo u n d  b y  t h e  H u tc h in s o n  and  McLennan 
m e th o d ,  a s  a t  t h e  t im e  when t h e s e  e x p e r im e n t s  commenced 
t h i s  was t h e  o n l y  m eth o d  em ployed  i n  a d v i s o r y  w o rk .  
H ow ever, a t  a  l a t e r  d a t e  t h e  l im e  r e q u i r e m e n t  o f  t h e  s o i l  
s a m p le s  was fo u n d  b y  t h e  H ardy  m ethod  a l s o ,  p u r e l y  f o r  
p u r p o s e s  o f  c o m p a r i s o n .  The p r e l i m i n a r y  d a t a  f o r  t h e  
t h r e e  o e n t r e s  a r e  g i v e n  i n  T a b le  XXXIV b e lo w .
TABLE XXXIV. PRELIMINARY SOIL DATA.
C e n t r e pH L .R . (H  & McL) # CaCOg
L .R . ( H a r d y )  
% CaC03
T u l l i c h e w a n 4 .7 0 0 .2 8 3 0 .3 1 5
E l l i s l a n d 5 .1 7 0 .3 8 3 0 .4 9 5
W oodhall 4 .7 7 0 .6 0 0 0 .6 2 6
TULLICHEWAN
A t T u l l i c h e w a n  th e  s o i l  was a medium t o  h e a v y
loam  c o n t a i n i n g  8 . 5 #  o f  o r g a n i c  m a t t e r  and t h e  f i e l d  i n
w h ic h  t h e  p l o t s  w e re  l o c a t e d  was o c c u p ie d  b y  o l d  p e rm a n e n t  
p a s t u r e  d o m in a te d  b y  A g r o s t i s  and  H o lc u s .  G a llo w ay  
b u l l o c k s  g r a z i n g  t h e  s u r r o u n d i n g  f i e l d  h ad  f r e e  a c c e s s  
t o  t h e  p l o t s .
The f i r s t  e v id e n c e  t h a t  t h e  l im e  was b e g i n n i n g
t o  h a v e  an  e f f e c t  was s e e n  s i x  m o n th s  a f t e r  i t  had  b e e n
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a p p l i e d .  The l im e d  p l o t s ,  p a r t i c u l a r l y  t h a t  r e c e i v i n g  
th e  l im e  r e q u i r e m e n t  r a t e  (2  t o n s  16 c w t . c a l c i u m  c a r b o n a t e  
p e r  a c r e )  w e re  b e i n g  a  l i t t l e  m ore c l o s e l y  g r a z e d  b y  th e  
s t o c k .  T h i s  was e v i d e n t  th o u g h  t h e r e  was no n o t i c e a b l e  
d i f f e r e n c e  i n  t h e  b o t a n i c a l  c o m p o s i t i o n  o f  t h e  h e r b a g e  
o f  t h e  v a r i o u s  p l o t s .  T h i s  d i f f e r e n t i a l  g r a z i n g  was 
c o n t i n u e d  t h r o u g h o u t  t h e  e x p e r im e n t  and a f t e r  two y e a r s  
t h e  l im e d  p l o t s  w ere  q u i t e  d i s t i n c t  f ro m  t h o s e  u n l im e d .  
They showed a  more v i v i d  g r e e n  and th e  am ount o f  A g r o s t i s  
was d i m i n i s h i n g  r a p i d l y .  S t i l l  t h e  l im e  r e q u i r e m e n t  p l o t  
h ad  t h e  a d v a n t a g e .  A t t h i s  t im e  a r e m a r k a b le  num ber o f  
t h i s t l e s  (C n ic u s  a r v e n s i s ,  H o f f )  a p p e a r e d  on t h e  l im e d  
p l o t s .  T h ese  o c c u p ie d  15#  o f  t h e  p l o t  r e c e i v i n g  t h e  
s t a n d a r d  a p p l i c a t i o n  and  10# o f  t h a t  r e c e i v i n g  t h e  l im e  
r e q u i r e m e n t  r a t e .  O nly  o c c a s i o n a l  p l a n t s  o c c u r r e d  on 
t h e  c o n t r o l  p l o t s  w h i l e  t h e  r e s t  o f  th e  f i e l d  was a lm o s t  
e n t i r e l y  f r e e  f ro m  th em .
A f t e r  f o u r  y e a r s  t h e  b o u n d a r i e s  o f  t h e  l im e d  
p l o t s  w ere  c l e a r l y  d em ark ed  b y  t h e  b r i g h t e r  g r e e n  c o l o u r ,  
t h e  g r e a t e r  d e p a s t u r i n g  and th e  c h a n g e  i n  t h e  p r o p o r t i o n s  
o f  t h e  co m ponen t s p e c i e s .  To m e a s u re  t h e  c h a n g e s  w h ic h  
had  b e e n  i n d u c e d ,  c a r e f u l  b o t a n i c a l  a n a l y s e s  w ere  made 
b y  t h e  " P o i n t  Q u a d r a t " *  m e th o d .  The a n a l y s e s  o f  t h e  two
x  See A p p e n d ix  A.
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c o n t r o l  p l o t s  h av e  b e e n  a v e r a g e d  and  p l a c e d  b e s i d e  t h o s e  
o f  t h e  l im e d  p l o t s  i n  T a b le  XXXV.
TABLE XXXV. TULLICHEWAN.
P e r c e n t a g e  B o t a n i c a l  A n a ly s e s 31 t o  show C hanges  
In d u c e d  b y  Two R a te s  o f  L im in g  a f t e r  F o u r  Y e a r s .
S p e c i e s
P l o t s
C o n t r o l S ta n d a r d  R a te  (2 t o n s  CaC0 3 )
L .R .R a te  
(2 t o n s  16 
cw t.C aC 0 3 )
A g r o s t i s  s p p .......................... 51 21 6
H o lc u s  l a n a t u s ,  L ............. 19 15 17
A n th o x an th u m  odor., L . .  . 10 4 4
F e s t u c a  o v i n a ,  L ............. .. 5 19 27
Poa s p p ...................................... 4 10 15
C y n o su ru s  c r i s t a t u s ,  L. - 2 3
D a c t y l i s  g l o m e r a t a ,  L . . 1 2 4
T r i f o l i u m  r e p e n e ,  L . . . . 5 17 12
R a n u n c u lu s  a c r i s ,  L . . . . 5 7 7
B e i l i s  p e r e n n i s ,  L . . . . . - 3 3
P r u n e l l a  v u l g a r i s ,  L . . .
'
2
T h a t  n o t e  m ig h t  b e  made o f  t h e  c h a n g e s  i n  s o i l  
r e a c t i o n  r e s u l t i n g  f ro m  t h e  t r e a t m e n t s ,  s a m p le s  w e re  d raw n  
a t  two and  f o u r  y e a r s  f ro m  t h e  commencement o f  t h e  e x p e r i ­
m en t and  t e s t e d  f o r  h y d r o g e n  i o n  c o n c e n t r a t i o n  and  l im e  
r e q u i r e m e n t .  The r e s u l t s  o b t a i n e d  a r e  g i v e n  b e lo w  i n  
T a b le  XXXVI.
x  The a n a l y s e s  a r e  t h o s e  o f  t h e  h e r b a g e  w i t h o u t  t h i s t l e s .  
The c o n t r i b u t i o n  made b y  t h e s e  c o u l d  n o t  b e  m e a su re d  
b e c a u s e  t h e  f a r m e r ,  a g g r a v a t e d  b y  t h e i r  c o n s p i c u o u s ­
n e s s  had  mown them  down two d a y s  p r i o r  t o  t h e  d a t e  
o f  a n a l y s i s .
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TABLE XXXVI. TULLICHEWAN. LIMED PLOTS 
SOIL DATA TWO AND FOUR YEARS a f t e r  TREATMENT
A f t e r T r e a tm e n t pH L .R .(H .&  McL) L .R . ( H a r d y )
2 y e a r s S ta n d a r d 5 .7 8 0 .1 1 2 0 .1 5 0
r a t e
4 " n 5 .9 9 0 .1 2 6 0 .2 3 1
2 " L . R . r a t e 6 .0 2 0 .0 9 6 0 .1 9 1
4 " tt 5 .7 3 0 .0 8 8 0 .2 9 2
ELLISLAND
The s o i l  o f  t h e  f i e l d  a t  E l l i s l a n d  on w h ic h  
t h e  p l o t s  w ere  l a i d  o f f  was v e r y  f i n e ,  s a n d y  and  o p en  
t e x t u r e d  c o n t a i n i n g  o n l y  4 .5 #  o f  o r g a n i c  m a t t e r  and  a  
g r e a t  many s t o n e s .  The s o i l  i t s e l f  and  t h e  v e g e t a t i o n  
g ro w in g  t h e r e o n  i n d i c a t e d  a  v e r y  low s t a t e  o f  f e r t i l i t y .  
T h i s  f i e l d  h ad  b e e n  l y i n g  u n d e r  s o - c a l l e d  p e rm a n e n t  
p a s t u r e  f o r  a n  unknown num ber o f  y e a r s ,  t h e  h e r b a g e  c o n ­
s i s t i n g  a lm o s t  e x c l u s i v e l y  o f  A g r o s t i s ,  H o lc u s  an d  An- 
thoxanthuifL . The g r a z i n g  a n im a l s  i n  t h i s  c a s e  w ere  
B l a c k f a c e  s h e e p .
As a t  t h e  p r e v i o u s  c e n t r e  t h e  e f f e c t  o f  t h e  
t r e a t m e n t s  b e g a n  t o  b e  s e e n  a f t e r  a b o u t  s i x  m o n th s ,  i n  
t h e  g r e e n e r  and  h e a l t h i e r  a p p e a r a n c e  o f  t h e  g r a s s e s .
The p l o t  r e c e i v i n g  t h e  s t a n d a r d  a p p l i c a t i o n  lo o k e d  
s l i g h t l y  m ore p r o m i s i n g  t h a n  t h a t  t r e a t e d  a t  t h e  l im e
P h o to g ra p h  20 .
E l l i s l a n d .  F o r e ­
g r o u n d ,  ’’S t a n d a r d "  
p l o t ;  b e y o n d ,  
C o n t r o l .
P h o to g r a p h  2 1 .
E l l i s l a n d .  R i g h t ,  
u n g r a z e d  H o lc u s  
o f  C o n t r o l ;  L e f t  
g r a z e d  h e r b a g e  
o f  " S t a n d a r d "  
P l o t .
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r e q u i r e m e n t  r a t e  (3  t o n s  16 c w t .  p e r  a c r e ) .
A t two y e a r s  f ro m  t h e  t im e  o f  t r e a t m e n t  a  
n o t i c e a b l e  d i f f e r e n c e  was t a k i n g  p l a c e .  The sh e e p  w ere  
t e n d i n g  t o  g r a z e  down t h e  l im e d  p l o t s ,  p a r t i c u l a r l y  t h a t  
t r e a t e d  a t  t h e  s t a n d a r d  r a t e ,  more t h a n  t h e  s u r r o u n d i n g  
a r e a s  w h ich  w ere  ro u g h  and  t u f t e d  w i t h  much w i t h e r e d  
m a t e r i a l  ( P h o to g r a p h s  20 and 2 1 ) .  A g r o s t i s  and  A n th o x -  
an thum  w ere  d e c r e a s i n g  i n  am ount and  w ere  b e i n g  r e p l a c e d  
m a in ly  b y  C y n o su ru s  c r i s t a t i i s .
D u r in g  t h e  f o l l o w i n g  two y e a r s  t h e  c h a n g e s  
w e n t  on c o n t i n u o u s l y .  More and more w ere  t h e  l im e d  
p l o t s  c ro p p e d  down c l o s e l y  and C y n o su ru s  f ro m  b e i n g  
p r e s e n t  i n  v e r y  s m a l l  am ounts  becam e t h e  d o m in a n t  s p e c i e s .
O nly  on  t h e  l im e d  p l o t s  d i d  t h i s t l e s  (C n ic u s  
l a n c e o l a t u s ,  H o f f . ) a p p e a r .
The b o t a n i c a l  a n a l y s e s  a t  t h e  c o n c l u s i o n  o f  
t h e  e x p e r im e n t  a r e  g i v e n  i n  T a b le  XXXVII.
T A B L V
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TABLE XXXVII. ELLISLAND
P e r c e n t a g e  B o t a n i c a l  A n a ly s e s  sho w in g  C hanges  i n  
d u c e d  b y  Two R a te s  o f  L im in g  a f t e r  F o u r  Y e a r s .
P l o t s
S p e c i e s C o n t r o l S ta n d a r d  R a te  (2 t o n s  CaC0 3 )
L .R .R a te  
(3 t o n s  16 cw t 
CaCOs)
A g r o s t i s  s p p .................. 43 8 9
H o lc u s  l a n a t u s ,  L . . . 28 16 25
A n th o x an th u m  odor .,  L. 25 2 8
C y n o su ru s  c r i s t a t u s ,  
L ........................................ 3 56 41
T r i f o l i u m  r e p e n s ,  L . t r a c e 10 6
B e i l i s  p e r e n n i s ,  L . . - t r a c e -
L e o n to d o n
h i s p i d u s ,  L ................ 2
M usci s p p ......................... - 3 8
R a n u n c u lu s  a c r i s ,  L . - - 2
P l a n t a g o  l a n c e o l a t a ,  
L ......................................... t r a c e t r a c e
P r u n e l l a  v u l g a r i s ,  L . mm t r a c e
The r e a c t i o n s  o f  t h e  s o i l s  t o  t h e  d i f f e r e n t  
t r e a t m e n t s  a t  two and f o u r  y e a r s  a f t e r  t h e  a p p l i c a t i o n  
o f  t h e  l im e  a r e  g i v e n  i n  T a b le  XXXVIII b e lo w .
TABLE XXXVIII. ELLISLAND. LIMED PLOTS. 
S o i l  D a ta  Two and F o u r  Y e a rs  a f t e r  T r e a tm e n t .
A f t e r T r e a tm e n t pH L . R . ( H . & McL) L .R . ( H a r d y )
2 y e a r s S ta n d a r d  r a t e 5 .4 5 0 .2 4 4 0 .4 6 1
4 " N 5 .8 1 0 .1 0 8 0 .3 7 1
2 H L .R .  r a t e 5 .7 1 0 .2 1 1 0 .3 6 0
4 * n 6 .1 6 0 .2 7 1 0 .2 1 8
WOODHALL
A t t h i s  c e n t r e  t h e  s o i l  was a l i g h t  loam  w i t h  
a  f a i r l y  h i g h  o r g a n i c  m a t t e r  c o n t e n t  -  1 3 .8 $ .  The f i e l d  
w h ere  t h e  e x p e r im e n t  was c o n d u c te d  d i d  n o t  c a r r y  o ld  
p a s t u r e  a s  i n  t h e  p r e v i o u s  c a s e s  b u t  was sown down t o  
g r a s s  t h e  same y e a r  a s  t h e  a p p l i c a t i o n s  o f  l im e  w ere  
g i v e n .  The o a t  Mn u r s e  c ro p "  w i t h  w h ic h  t h e  g r a s s  s e e d s  
w e re  sown y i e l d e d  c o n s i d e r a b l y  m ore g r a i n  f ro m  t h e  t r e a t e d  
p l o t s  t h a n  f ro m  t h e  c o n t r o l s ,  t h e  h e a v i e s t  y i e l d  b e i n g  
f ro m  t h a t  r e c e i v i n g  t h e  l im e  r e q u i r e m e n t  r a t e  (6  t o n s  
p e r  a c r e ) .  O a ts  a r e  u s u a l l y  c o n s i d e r e d  t o  b e  l i t t l e  
a f f e c t e d  b y  a c i d  c o n d i t i o n s  b u t  a p p a r e n t l y  t h e  d e g r e e  
o f  a c i d i t y  e n c o u n te r e d  h e r e  was s u c h  a s  t o  d e p r e s s  t h e  
p r o d u c t i v i t y  m a r k e d ly .
A c c u r a t e  b o t a n i c a l  a n a l y s e s  o f  t h e  p l o t s  w e re  
n o t  made b u t  i t  becam e e a r l y  a p p a r e n t  t h a t  t h e  s u c c e s s  
o f  t h e  g r a s s e s  d e p e n d e d  on t h e  am ount o f  l im e  a p p l i e d .
On t h e  p l o t  t r e a t e d  a t  t h e  l im e  r e q u i r e m e n t  r a t e  t h e  
num ber o f  g r a s s e s  e s t a b l i s h i n g  th e m s e lv e s  and t h e  g ro w th  
o f  t h e s e  was g r e a t e s t .  W h ile  on  t h e  p l o t  t r e a t e d  a t  t h e  
s t a n d a r d  r a t e  g ro w th  and  e s t a b l i s h m e n t  w ere  b e t t e r  t h a n  
on  t h e  c o n t r o l s  t h e y  w e re  n o t  q u i t e  so  good a s  w h ere  t h e  
f u l l  l im e  r e q u i r e m e n t  h ad  b e e n  g i v e n .  I n  t h e  a b s e n c e
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o f  l i m e ,  e s t a b l i s h m e n t  and  s u b s e q u e n t  g ro w th  o f  sown 
s p e c i e s  w ere  p o o r  b u t  weed g ro w th  was p r o f u s e .  S p e r g u la  
a r v e n s i s ,  L . was m o st p r e v a l e n t  I n  t h e  e a r l y  s t a g e s .
L o l iu m  p e r e n n e ,  was f r e q u e n t  on a l l  p l o t s  b u t  
was much m ore v i g o r o u s  i n  t h e  p r e s e n c e  o f  l i m e .
D a c t y l i s  g l o m e r a ta  was m ore p l e n t i f u l  on t h e  
t r e a t e d  p l o t s  t h a n  on t h e  c o n t r o l s  w here  o n l y  a few  
p l a n t s  w ere  i n  e v i d e n c e .
Phleum  p r a t e n s e  was s c a r c e  on b o t h  t h e  c o n t r o l s  
and t h e  p l o t  t r e a t e d  a t  t h e  s t a n d a r d  r a t e ,  b u t  was m ore 
i n  e v id e n c e  w here  t h e  l im e  r e q u i r e m e n t  was g i v e n .
C y n o su ru s  c r i s t a t u s  a p p e a r e d  i n  s m a l l  q u a n t i t y  
on b o t h  t h e  l im e d  p l o t s  b u t  was a b s e n t  f ro m  t h e  c o n t r o l s .
A g r o s t i s ,  e n t i r e l y  a b s e n t  f ro m  t h e  l im e  r e ­
q u i r e m e n t  p l o t ,  was v e r y  s c a r c e  on  t h e  s t a n d a r d  p l o t  
w h i l e  s m a l l  am o u n ts  w ere  s e e n  on  t h e  c o n t r o l s .
H o lcu s  l a n a t u s ,  w h i l e  f a i r l y  common on b o t h  
t h e  l im e d  p l o t s  was much more a b u n d a n t  on t h e  c o n t r o l s .
Poa an n u a  and  Rumex a c e t o s e l l a  w ere  p l e n t i f u l  
b u t  d e c r e a s e d  i n  am ount w i t h  i n c r e a s e d  l i m e .  On t h e  
o t h e r  h and  B e i l i s  p e r e n n i s  and  L e o n to d o n  h i s p i d u s  becam e 
more p r e v a l e n t  w i t h  i n c r e a s i n g  l i m e .
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DI3CUSSI0N o f  RESULTS.
A t e a c h  c e n t r e  w here  c a l c iu m  c a r b o n a t e  was 
a p p l i e d  t o  a c i d  s o i l  a t  a  s t a n d a r d  r a t e  o f  2 t o n s  p e r  
a c r e  and  a t  a  r a t e  i n d i c a t e d  b y  t h e  H u tc h in s o n  and 
McLennan l im e  r e q u i r e m e n t  t e s t  (w h ich  was a lw a y s  g r e a t e r  
t h a n  t h e  s t a n d a r d  r a t e ) ,  t h e  am ounts  o f  A g r o s t i s  w ere  
r e d u c e d .  The r e d u c t i o n s  w ere  a lw a y s  c o n s i d e r a b l e  th o u g h  
a t  one c e n t r e  i t  was a lm o s t  t h e  same f o r  b o t h  t r e a t m e n t s  
w h i l e  a t  th e  o t h e r s  i t  was g r e a t e s t  a t  t h e  l im e  r e q u i r e ­
m en t r a t e .  A l th o u g h  t h e  R o th a m s te d  p l o t s ,  r e f e r r e d  t o  
e a r l i e r ,  w ere  c u t  f o r  h a y  w h i l e  h e r e  t h e  p l o t s  w ere  
g r a z e d ,  and th o u g h  t h e  i n i t i a l  a c i d i t y  was n o t  so  g r e a t ,  
t h e  same t e n d e n c y  was s e e n  t o  a  r e d u c t i o n  i n  t h e  am ount 
o f  A g r o s t i s  s u b s e q u e n t  on l i m i n g .
I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  H o lcu s  i s  much 
r e d u c e d  b y  l i m i n g .  I n  t h e s e  e x p e r im e n t s  o n l y  a  s l i g j h t  
r e d u c t i o n  was r e c o r d e d  a f t e r  f o u r  y e a r s .  C a s u a l  c o m p a r i ­
s o n  o f  t r e a t e d  and u n t r e a t e d  p l o t s  m ig h t  have  l e d  one t o  
su p p o se  t h a t  a t  l e a s t  h a l f  o f  t h e  H o lc u s  h ad  b e e n  e l i m i n ­
a t e d  b u t  a c t u a l  c o u n t s  r e v e a l e d  t h a t  i n  m o s t  c a s e s  t h e r e  
w ere  a l m o s t  a s  many p l a n t s  p r e s e n t  a s  b e f o r e ,  th o u g h  
t h e s e  w e re  much lo w e r  a s  a  r e s u l t  o f  t h e  more i n t e n s e  
g r a z i n g ,  and  t h e i r  l e a v e s  w e re  m ore i n t e r m i n g l e d  w i t h
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t h o s e  o f  a d j a c e n t  s p e c i e s .
On t h e  two c e n t r e s  w here  A n th o x an th u m  o d o ra tu m  
was p r e v a l e n t ,  m arked  d i m i n u t i o n  w as e f f e c t e d  b y  t h e  
t r e a t m e n t s .  A t one c e n t r e  t h e r e  was an  e q u a l  r e d u c t i o n  
f ro m  b o t h  t r e a t m e n t s .  L e s s  t h a n  h a l f  t h e  o r i g i n a l  
num ber o f  p l a n t s  r e m a in e d .  A t th e  o t h e r ,  a  t h i r d  r e ­
m ain ed  on  t h e  l im e  r e q u i r e m e n t  p l o t  and o n l y  a  t w e l f t h  
on t h e  s t a n d a r d  r a t e  p l o t .  T h ese  r e s u l t s  a r e  i n  a c c o r d ­
a n c e  w i t h  t h e  R o th a m s te d  f i n d i n g s  w h ere  r a t h e r  l e s s  t h a n  
h a l f  t h e  A n thoxan thum  p l a n t s  s u r v i v e d .  T h e re  i s  a l s o  
a g re e m e n t  i n  t h a t ,  n e x t  t o  A g r o s t i s  t h i s  g r a s s  i s  s u s ­
c e p t i b l e  o f  t h e  g r e a t e s t  r e d u c t i o n  b y  l i m e .  A t R o th a m s te d  
o n l y  b e tw e e n  a  f i f t h  and  a  s i x t h  o f  t h e  A g r o s t i s  p l a n t s  
r e m a in e d  a f t e r  t r e a t m e n t  w h i l e  i n  t h e  p r e s e n t  e x p e r im e n t  
i t  was fo u n d  t h a t  t h e  a v e r a g e s  f o r  t h e  two r a t e s  o f  
t r e a t m e n t  a t  two c e n t r e s  w e re  a p p r o x i m a te ly  a  f o u r t h  
and  a  f i f t h .
P e s t u c a  o v i n a  and  Poa a t  one c e n t r e  g av e  
r e m a r k a b ly  r e s p o n s i v e  i n c r e a s e s  t o  t h e  t r e a t m e n t s .  A t 
t h e  s t a n d a r d  r a t e  F e s t u c a  was a p p r o x i m a te ly  f o u r  t im e s  
and a t  t h e  l im e  r e q u i r e m e n t  r a t e  more t h a n  f i v e  t im e s  
a s  num erous  a s  on  t h e  c o n t r o l  a r e a .  The c o r r e s p o n d i n g  
f i g u r e s  f o r  Poa w ere  two and a  h a l f  t i m e s ,  and t h r e e  and 
t h r e e  q u a r t e r  t i m e s .  T h i s  i s  p r o b a b l y  q u i t e  n o rm a l
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b e h a v i o u r  f o r  P oa . I n d e e d  t h e  R o th a m s te d  f i g u r e s  show 
a n  i n c r e a s e  o f  r a t h e r  more t h a n  t e n  f o l d  b u t  t h e  c o n ­
t r i b u t i o n  o f  t h e  s p e c i e s  t o  t h e  t o t a l  h e r b a g e  was s m a l l  
( 0 .1 5 $  and  1 .9 4 $ )  i n  c o m p a r i s o n  t o  t h a t  i n  t h e  c a s e  
u n d e r  c o n s i d e r a t i o n . F e s t u c a  o v i n a  on t h e  c o n t r a r y ,  i s  
u s u a l l y  fo u n d  i n  g r e a t e s t  am ount w h ere  a c i d  c o n d i t i o n s  
p r e v a i l  and  a t  R o th a m s te d  i t  was d e p r e s s e d  b y  l i m e .  I t  
s h o u ld  how ev er  be  n o te d  t h a t  i n  t h i s  i n s t a n c e ,  n e x t  t o  
A g r o s t i s ,  H o lc u s  and A n th o x an th u m , F e s t u c a  was t h e  m o s t  
p r e v a l e n t  g r a s s  p r e s e n t  i n  t h e  u n t r e a t e d  p a s t u r e .  F u r t h e r ,  
i t s  h a b i t  o f  g ro w th  i s  su c h  t h a t  s e v e r e  d e f o l i a t i o n  d o e s  
n o t  t e n d  t o  k i l l  i t .  I f  t h e n ,  a s  h a s  p r e v i o u s l y  b e e n  
show n, t h e  a d d i t i o n  o f  l im e  p e r  se  i s  a t  l e a s t  n o t  
i n i m i c a l  t o  t h i s  s p e c i e s  t h e  i n c r e a s e s  c a n  b e  c l e a r l y  
a t t r i b u t e d  i n  l a r g e  m e a su re  t o  t h e  r e m o v a l  o f  t h e  a g g r e ­
s s i o n  o f  A g r o s t i s ,  and  A n th o x an th u m .
C y n o su ru s  c r i s t a t u s  i n c r e a s e d  i n  t h e  p r e s e n c e  
o f  l im e  a t  e a c h  o f  t h e  t h r e e  c e n t r e s .  A t two i t  c o u ld  
n o t  b e  d e t e c t e d  a t  a l l  o n  t h e  u n t r e a t e d  a r e a s .  I t  made 
a  d e f i n i t e  a p p e a r a n c e  w here  l im e  h a d  b e e n  g i v e n  b u t  o n l y  
i n  s m a l l  a m o u n t.  A t one  c e n t r e ,  th o u g h  i t s  c o n t r i b u t i o n  
t o  t h e  w h o le  on  t h e  c o n t r o l s  was s m a l l ,  i t  was c l e a r l y  
p r e s e n t  and s t r u g g l i n g  f o r  e x i s t e n c e  a g a i n s t  l a r g e
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am oun ts  o f  A g r o s t i s ,  A n thoxan thum  and H o lc u s .  When t h e  
two f o r m e r  w ere  r e d u c e d  a s  a  r e s u l t  o f  t h e  l i m i n g  (a n d  
t h e  g r a z i n g )  i t  i n c r e a s e d  e n o rm o u s ly .  W hereas  i t  c o n ­
t r i b u t e d  o n l y  3$  t o  t h e  w ho le  on t h e  c o n t r o l s  i t  gave  56$ 
a t  t h e  s t a n d a r d  r a t e  and 41$ a t  t h e  l im e  r e q u i r e m e n t  
r a t e .  T h ese  am oun ts  w ere  i n  i n v e r s e  p r o p o r t i o n  t o  t h o s e  
c o n t r i b u t e d  b y  t h e  A g r o s t i s ,  A n thoxan thum  and H o lc u s ,  t h u s :
S t a n d a r d
r a t e  L .R .  r a t e
A g r o s t i s  + A n thoxan thum  ♦  H o lc u s  26$ 42$
C y n o su ru s  c r i s t a t u s ..............................  56$ 41$
Sum 8 2 $  83$
D a c t y l i s  g lo m e r a ta  was e n t i r e l y  a b s e n t  f ro m  
one c e n t r e  an d  a t  t h e  o t h e r s  i t  was p r e s e n t  o n ly  i n  v e r y  
s m a l l  a m o u n t.  I t  d i d  how ever  show a s l i g h t  t e n d e n c y  t o  
i n c r e a s e  w i t h  i n c r e a s e d  a p p l i c a t i o n s  o f  l im e .
C o n s i s t e n t l y  a t  one c e n t r e  ( E l l i s l a n d )  t h e  
r e s p o n s e  o f  t h e  p a s t u r e  a s  a  w h o le  and o f  e a c h  o f  t h e  
com ponen t s p e c i e s  was m ore m arked  on t h e  p l o t  r e c e i v i n g  
t h e  s t a n d a r d  (2  t o n s  c a l c i u m  c a r b o n a t e  p e r  a c r e )  a p p l i ­
c a t i o n  o f  l im e  t h a n  on  t h a t  t r e a t e d  a t  t h e  l im e  r e q u i r e ­
m en t r a t e  (3  t o n s  16 c w t .  c a l c i u m  c a r b o n a t e  p e r  a c r e ) .  
The r e s u l t s  f ro m  t h e  o t h e r  two c e n t r e s  d e t a i l e d  and f ro m
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c e n t r e  3 a t  w h ic h  t h e  e x p e r i m e n t s  w ere  n o t  c o m p le te d ,  
i n d i c a t e d  t h a t  s u c h  b e h a v i o u r  was u n u s u a l .  G e n e r a l l y ,  
t r e a t m e n t  a t  t h e  l im e  r e q u i r e m e n t  r a t e  in d u c e d  g r e a t e r  
r e s p o n s e s  f ro m  t h e  v e g e t a t i o n  t h a n  t r e a t m e n t  a t  t h e  
s t a n d a r d  2 t o n  r a t e .
A t E l l i s l a n d  b o t h  t h e  t y p e  o f  v e g e t a t i o n  and  
t h e  s a n d y ,  w e a t h e r e d ,  s t r u c t u r e l e s s  a p p e a r a n c e  o f  t h e  
s o i l  s u g g e s t e d  t h a t  a  d e f i c i e n c y  o f  p l a n t  n u t r i e n t s  a s  
w e l l  a s  t h e  a c i d  r e a c t i o n  c o n t r i b u t e d  to  t h e  i n f e r t i l i t y .  
I f  t h i s  w ere  s o ,  i t  i s  p o s s i b l e  t h a t  t h e  s m a l l e r  am ount 
o f  c a l c i u m  c a r b o n a t e  b e i n g  s u f f i c i e n t  t o  lo w e r  t h e  
a c i d i t y  som ew hat, and  t o  s u p p ly  t h e  n e c e s s a r y  c a l c i u m  
f o r  n u t r i t i o n a l  p u r p o s e s ,  gave  a  b e t t e r  b a l a n c e  o f  
n u t r i e n t s  i n  t h e  s o i l .
The c h a n g e s  i n  s o i l  r e a c t i o n s  and  r e p o n s e s
t o  t h e  l im e  r e q u i r e m e n t  t e s t s  r e s u l t i n g  f ro m  t h e  d i f f e r e n t
t r e a t m e n t s  a r e  o f  i n t e r e s t .
Commencing w i t h  a  pH v a l u e  o f  4 . 7 0 ,  t h e  s t a n d ­
a r d  r a t e  r a i s e d  t h e  v a l u e  t o  5 .7 8  a f t e r  two y e a r s  and  t o
5 .9 9  a f t e r  f o u r  y e a r s  a t  t h e  f i r s t  c e n t r e  ( T u l l i c h e w a n ) : 
a t  t h e  se c o n d  c e n t r e  ( E l l i s l a n d )  w h ere  t h e  s t a n d a r d  r a t e  
i n d u c e d  t h e  g r e a t e r  v e g e t a t i o n a l  r e s p o n s e ,  t h e  v a l u e s  
w ere  5 .1 7  a t  t h e  com m encem ent, 5 . 4 5  a f t e r  two y e a r s  and 
5 .8 1  a f t e r  f o u r  y e a r s .  A t t h e  f i r s t  c e n t r e  t h e  l im e
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r e q u i r e m e n t  r a t e  g av e  pH v a l u e s  6 .0 2  and 5 . 7 3 ,  a t  t h e  
s e c o n d ,  5 .7 1  and 6 . 1 6 .
The H u tc h in s o n  and  McLennan l im e  r e q u i r e m e n t  
a t  t h e  f i r s t  c e n t r e  f e l l  f ro m  0 .2 8 3  a t  t h e  commencement 
t o  0 .1 1 2  a f t e r  two y e a r s  and  t o  0 .1 2 6  a f t e r  f o u r  y e a r s  
u n d e r  t h e  i n f l u e n c e  o f  t h e  s t a n d a r d  r a t e  o f  t r e a t m e n t ,  
w h i l e  a t  t h e  se c o n d  c e n t r e  t h e  commencing v a l u e  was 
0 . 3 8 3 ,  and  0 . 2 4 4  and 0 .1 0 8  a f t e r  two and  f o u r  y e a r s .
The t o t a l  u l t i m a t e  f a l l s  w ere  th e r e fb re  0 .1 5 7  and .2 7 5  
r e s p e c t i v e l y .  From t r e a t m e n t  a t  t h e  l im e  r e q u i r e m e n t  
r a t e  t h e  v a l u e s  a f t e r  two and f o u r  y e a r s  w e re  f o r  t h e  
f i r s t  c e n t r e  0 .0 9 6  and  0 . 0 8 8 ,  and f o r  t h e  se c o n d  0 . 2 1 1 ,  
and 0 .2 7 1  t h u s  show ing  u l t i m a t e  f a l l s  o f  0 .1 9 5  and 0 . 1 1 2 .
C o n s i d e r i n g  t h e  H ardy  l im e  r e q u i r e m e n t  f i g u r e s  
i n  t h e  same w ay, t h e  f i r s t  c e n t r e  i n i t i a l l y  a t  0 .3 1 5  
f e l l  u n d e r  t h e  s t a n d a r d  r a t e  t o  0 .1 5 0  and 0 .2 3 1 ,  and 
t h e  s e c o n d  c e n t r e  i n i t i a l l y  a t  0 .4 9 5  f e l l  t o  0 .4 6 1  and 
0 .3 7 1  g i v i n g  u l t i m a t e  f a l l s  o f  0 .0 8 4  and 0 .1 2 4  r e s p e c t ­
i v e l y .  U nder  t h e  H u tc h in s o n  and McLennan l im e  r e q u i r e m e n t  
r a t e  t h e  H ard y  f i g u r e  f e l l  a t  t h e  f i r s t  c e n t r e  t o  0 .1 9 1  
and  0 .2 9 2 ;  a t  t h e  s e c o n d  c e n t r e  t o  0 .3 6 0  and 0 .2 1 8  -  
u l t i m a t e  f a l l s  o f  0 .0 2 3  and 0 . 2 7 7 .
The u l t i m a t e  c h a n g e s  i n  t h e  pH and l im e  r e q u i r e ­
m en t v a l u e s  may h e  m ore c l e a r l y  s e e n  i n  t h e  f o l l o w i n g  
t a b l e .
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TABLE XXXIX. RISES o f  pH and PALLS o f  Lime 
R e q u i re m e n t  V a lu e s  a f t e r  FOUR YEARS.
T e s t R a te  o f  L im in g F i r s t  C e n t r e  ( T u l l i c h e w a n )
Second  C e n t r e  
( E l l i s l a n d )
pH S t a n d a r d .
L .R .
1 .2 9
1 .0 3
0 .6 4
0 .9 9
H.& McL. S t a n d a r d . L .R .
0 .1 5 7
0 .1 9 5
0 .2 7 5
0 .1 1 2
H ard y S t a n d a r d . L .R .
0 .0 8 4
0 .0 2 3
0 .1 2 4
0 .2 7 7
a n a l y s e s
C o n s i d e r i n g  t h e  
, i t  a p p e a r s  t h a t
a b o v e  f i g u r e s  and  th e  b o t a n i c a l  
a t  e a c h  c e n t r e  t h e  p l o t  w h ic h
showed t h e  g r e a t e s t  f a l l  i n  t h e  H u tc h in s o n  & McLennan 
l im e  r e q u i r e m e n t  a f t e r  f o u r  y e a r s ,  was a l s o  t h a t  on w h ic h  
t h e  g r e a t e s t  c h a n g e s  i n  t h e  b o t a n i c a l  c o m p o s i t i o n  o c c u r r e d ,  
t h i s  b e i n g  b r o u g h t  a b o u t  on one o c c a s i o n  b y  th e  s t a n d a r d  
r a t e  o f  t r e a t m e n t  and  on t h e  o t h e r  b y  t h e  l im e  r e q u i r e ­
m en t r a t e .  The p o s i t i o n  i s  o t h e r w i s e  i n  t h e  c a s e s  o f  t h e  
pH and H ardy  l im e  r e q u i r e m e n t  v a l u e s .  The p l o t s  sh o w in g  
t h e  g r e a t e r  b o t a n i c a l  c h a n g e s  g a v e  t h e  s m a l l e r  r i s e s  i n  
pH v a l u e s  and t h e  s m a l l e r  f a l l s  i n  H ardy  l im e  r e q u i r e m e n t  
v a l u e s .
I t  i s  n o t i c e a b l e  t h a t  i n  t e n  o u t  o f  t h e  e l e v e n  
c a s e s  w h ere  c o m p a ra b le  d a t a  a r e  p r e s e n t e d  f o r  s o i l s  b o t h
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w i t h  and w i t h o u t  t r e a t m e n t  ( T a b l e s  XXXIV, XXXVI, X X X V III.)  
t h e  H ard y  l im e  r e q u i r e m e n t  i s  g r e a t e r  t h a n  t h e  H u tc h in s o n  
& M cLennan. On t h e  a v e r a g e  f o r  t h e  e l e v e n  c a s e s  t h e  H ard y  
f i g u r e  i s  *337 and th e  H u tc h in s o n  & McLennan .2 2 9 .  T h a t  
i s ,  t h e  H ardy  f i g u r e  o v e r  a l l  i s  a p p r o x i m a te ly  a  t h i r d  
g r e a t e r .  From a  g e n e r a l  c o n s i d e r a t i o n  o f  h e r b a g e  c h a n g e s  
i t  seem s p r o b a b l e  t h a t  t h i s  e x t r a  t h i r d  w ould  h a v e  b e e n  
e f f e c t i v e  i n  p r o d u c in g  a  f u r t h e r  r e s p o n s e .
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FIELD SURVEY
W h ile  t h e  D e p a r tm e n t  o f  C h e m is t ry  o f  t h e  W est 
o f  S c o t l a n d  A g r i c u l t u r a l  C o l l e g e  i n  a s s o c i a t i o n  w i t h  
H.M. G e o l o g i c a l  S u rv ey  w ere  m ak ing  t h e  n o v e l  d e p a r t u r e  
o f  a c c u m u l a t i n g  d a t a  f o r  t h e  c o n s t r u c t i o n  o f  "so il**  
maps (4 6 )  t h e  o p p o r t u n i t y  f o r  c o - o p e r a t i o n  a r o s e .  The 
d a t a  c o l l e c t e d ,  i n c l u d e d  among o t h e r s ,  f i e l d  t o  f i e l d  
d e t e r m i n a t i o n s  o f  t h e  l im e  r e q u i r e m e n t  (H ard y )  and pH 
v a l u e s  (C a C lg ) .
The m a jo r  o p e r a t i o n s  w h ic h  e x te n d e d  o v e r  a  
c o n s i d e r a b l e  p o r t i o n  o f  S o u th  A y r s h i r e ,  w ere  p u r e l y  
g e o l o g i c a l  and  c h e m ic a l  i n  n a t u r e  and  d i d  n o t  i n  a n y  way 
d e a l  w i t h  t h e  f l o r a  o f  t h e  a r e a  c o v e r e d  b y  t h e  s u r v e y .
I t  was t h e r e f o r e  i n  an  a t t e m p t  t o  d i s c o v e r  w h e th e r  a  
r e l a t i o n s h i p  c o u l d  b e  d e t e c t e d  b e tw e e n  th e  v e g e t a t i o n  
and t h e  s o i l  d e t e r m i n a t i o n s  t h a t  a  w ide  f i e l d  b o t a n i c a l  
s u r v e y  was u n d e r t a k e n .
A s o i l  s u r v e y  o f  s i m i l a r  e x t e n t  and i n t e n s i t y  
h a d  n o t  p r e v i o u s l y  b e e n  c a r r i e d  o u t ,  t h e r e f o r e  t h e r e  
w ere  no a  p r i o r i  g ro u n d s  f o r  s u p p o s in g  t h a t  a d e f i n i t e  
c o n n e c t i o n  w ould  o r  w ou ld  n o t  b e  fo u n d  b e tw e e n  t h e  
am o u n ts  o f  a n y  s p e c i e s  and  a n y  o f  t h e  c h e m ic a l  d e t e r m i n a ­
t i o n s .  P a s t  e x p e r i e n c e s  t e n d e d  t o  s u g g e s t  t h a t  i f  
r e l a t i o n s h i p s  e x i s t e d  t h e y  w ould  b e  l o o s e ,  b u t  t h e s e
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e x p e r i e n c e s  w ere  n o t  g a in e d  u n d e r  s t r i c t l y  a n a lo g o u s  
c o n d i t i o n s ,  t h e r e f o r e  t h e  q u e s t i o n s  a t  i s s u e  w e re  r e a l l y  
o p e n .  F u r t h e r ,  i t  was e m in e n t ly  d e s i r a b l e  b o t h  f ro m  
p r a c t i c a l  and  t h e o r e t i c a l  c o n s i d e r a t i o n s  t o  h av e  in fo r m a  
t i o n  a s  t o  w h e th e r  t h e s e  s o i l  f a c t o r s  w ere  s u f f i c i e n t l y  
p o t e n t  t o  b e  r e f l e c t e d  i n  a  r e a d i l y  m e a s u r e a b le  way on 
t h e  h e r b a g e .
The s o i l  was sam pled  i n  t h e  u s u a l  m anner w i t h  
a  s o i l  a u g e r ,  s e v e r a l  c o r e s  b e i n g  t a k e n  a t  s c a t t e r e d  
p o i n t s  and  b u lk e d  f o r  e a c h  f i e l d .  The s a m p le s  w ere  t h e n  
t e s t e d  f o r  l im e  r e q u i r e m e n t ,  pH v a l u e s  e t c .  i n  t h e  
c h e m ic a l  l a b o r a t o r i e s .
PURPOSE o f  SURVEY
W h ile  t h e  p r e s e n t  i n v e s t i g a t i o n  was p r i m a r i l y  
c o n c e r n e d  w i t h  t h e  h e r b a g e ,  p a r t i c u l a r l y  t h e  g r a s s e s ,  
i t  was n e c e s s a r y  a s  a  p r e l i m i n a r y  t o  exam in e  t h e  s o i l  
d a t a .  S h o u ld  t h e  l im e  r e q u i r e m e n t s  and t h e  pH v a l u e s  
show a n y  c l o s e  r e l a t i o n s h i p  i t  w ou ld  b e  u n n e c e s s a r y  t o  
c o n s i d e r  e a c h  s e p a r a t e l y  i n  r e l a t i o n  t o  e a c h  s p e c i e s .
The f o l l o w i n g  t h e r e f o r e  was t h e  o r d e r  i n  w h ic h  t h e  
q u e s t i o n s  p r e s e n t e d  t h e m s e l v e s .
The s o i l  d a t a  w ere  made a v a i l a b l e  b y  t h e  c o u r t e s y  
o f  P r o f e s s o r  M cA rthur and  D r W h i t t l e s .
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(1 )  O ver t h i s  t r a c t  o f  c o u n t r y ,  w i t h o u t  r e g a r d  t o  
o t h e r  s o i l  v a r i a n t s ,  do  t h e  l im e  r e q u i r e m e n t  an d  t h e  pH 
v a l u e s  o f  s a m p le s  draw n a s  i n d i c a t e d  show a n y  r e l a t i o n s h i p ?
( 2 )  Do t h e  p e r c e n t a g e s  o f  t h e  p r i n c i p a l  s p e c i e s  i n  
o l d  p a s t u r e  v a r y  w i t h  t h e  l im e  r e q u i r e m e n t  and ( o r )  t h e  
pH v a l u e s ?
PROCEDURE
I t  was q u i t e  o u t w i t h  th e  c a p a c i t y  o f  a  s i n g l e  
w o rk e r  t o  u n d e r t a k e  b o t a n i c a l  a n a l y s e s  c o r r e s p o n d i n g  t o  
t h e  s e v e r a l  th o u s a n d  s o i l  d e t e r m i n a t i o n s  w h ic h  had  b e e n  
made a s  a  r e s u l t  o f  team  w o rk .  T h is  h o w ev er  seem ed 
u n n e c e s s a r y ,  i f  a s u i t a b l e  a r e a  w e re  s e l e c t e d  and  a  
s u f f i c i e n t  num ber o f  a n a l y s e s  w ere  made t o  d i s p l a y  a n y  
t r e n d s  w h ic h  m ig h t  e x i s t .  The t h r e e  m a in  d e s i d e r a t a  
w ere  t h a t  t h e  a r e a  s h o u ld  h av e  b e e n  s o i l - s u r v e y e d  i n  a s  
much d e t a i l  a s  p o s s i b l e  -  n o t  l e s s  t h a n  f i e l d  t o  f i e l d ;  
t h a t  a s  w ide  a  r a n g e  o f  l im e  r e q u i r e m e n t  and pH v a l u e s  
a s  p o s s i b l e  s h o u ld  b e  shown; a n d  t h a t  t h e  p h y s i c a l  
c h a r a c t e r  o f  t h e  s o i l  s h o u ld  n o t  v a r y  t o o  w i d e l y .
The a r e a  c h o s e n  a s  c o m b in in g  t h e s e  f e a t u r e s  i n  
t h e  g r e a t e s t  d e g r e e  was t h a t  b o u n d e d  on t h e  e a s t  an d  w e s t  
b y  t h e  l i m i t s  o f  O rd n an ce  S u rv e y  Maps, A y r s h i r e ,  S h e e t s  
XXXV S.W. and  XLI N.W. ( S c a l e  6" t o  1 m i l e ) :  on  th e  n o r t h
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b y  t h e  Skares-C um nock  r o a d  -  w i t h  t h e  e x c e p t i o n  o f  a 
few  f i e l d s  n o r t h  o f  t h e  r o a d ,  and on t h e  s o u th  b y  t h e
Xm o o r la n d .  I n  a l l ,  i t  e x te n d e d  t o  a p p r o x i m a te ly  t h r e e  
s q u a r e  m i l e s ,  c o m p r i s in g  some 66 f i e l d s .
The h e r b a g e  a n a l y s e s  w ere  c a r r i e d  o u t  b y  t h e  
" P o i n t  Q u a d r a t"  m e th o d .  The e x t e n t  o f  th e  s u r v e y  p r e ­
c lu d e d  more t h a n  tw e n ty  r e a d i n g s  p e r  f i e l d .  P r e v io u s  
e x p e r i e n c e  had  shown t h a t  c o n s i d e r a b l e  d i f f e r e n c e s  m ig h t  
b e  f o u n d  w i t h i n  c o m p a r a t i v e l y  s h o r t  d i s t a n c e s  e v e n  w h ere  
t h e  f i e l d  a s  a  w ho le  a p p e a r e d  f a i r l y  u n i f o r m .  B u t i n  
t h e  p r e s e n t  c a s e  m o s t  o f  t h e  f i e l d s  w ere  o b v i o u s l y  f a r  
f ro m  b e i n g  u n i f o r m ,  t h e r e f o r e  i n  v iew  o f  t h e  p o s s i b l e  
num ber o f  r e a d i n g s  i t  was c o n s i d e r e d  a d v i s a b l e  t o  r e l y  
on  t h e  p e r s o n a l  f a c t o r  r a t h e r  t h a n  on r a n d o m is in g  o f  
s a m p le s .  T h i s  a p p e a r e d  to  be  e m in e n t ly  a n  i n s t a n c e  
w here  "common s e n s e "  h ad  t o  b e  ap p li-b d  r a t h e r  t h a n  h a r d  
and f a s t  r u l e s .
The c h i e f  d i s t u r b i n g  f a c t o r  was t h e  p r e s e n c e  
o f  r u s h  ( J u n c u s  com m unis, M e y .) o f t e n  i n  c o n s i d e r a b l e ,  
and so m e tim es  i n  p r e p o n d e r a t i n g  am o u n t.  Som etim es i t  
was p r e s e n t  a s  s c a t t e r e d  t u f t s ,  so m e tim es  a s  r e g u l a r l y  
d i s t r i b u t e d  t u f t s ,  so m e tim es  a s  p a t c h e s ,  l a r g e  o r  s m a l l ,  
and  a t  t im e s  n o t  t u f t e d  a t  a l l  b u t  h a v in g  a m ore o r  l e s s
x  C o p ie s  o f  maps w i t h  b o u n d a r i e s  m arked  and 
f i e l d s  n u m b e re d ,  e n c l o s e d  i n  c o v e r  p o c k e t .
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u n l f o r m  g ro w th  i n t e r m i n g l e d  w i t h  g r a s s e s  and  o t h e r  p l a n t s .
The p o s s i b i l i t y  o f  e s t i m a t i n g  th e  r u s h  a s  a 
p e r c e n t a g e  o f  th e  w h o le ,  and t h e  o t h e r  s p e c i e s  a s  p e r ­
c e n t a g e s  o f  t h e  r e m a in d e r  was c o n s i d e r e d .  T h i s  had  
a c t u a l l y  to  b e  done  i n  t h e s e  c a s e s  w h ere  t h e  r u s h  grew 
i n  s o l i d  p a t c h e s  t o  t h e  e x c l u s i o n  o f  e v e r y t h i n g  e l s e .
I t  was n o t  how ever  f e a s i b l e  to  l e a v e  r e s u l t s  f o r  c o m p ar­
a t i v e  p u r p o s e s  i n  t h i s  fo rm ,  f o r  two m a in  r e a s o n s .
F i r s t l y ,  i n  many c a s e s  t h e  r u s h  g ro w in g  s p a r s e l y  and 
i n t e r m i x e d  w i t h  g r a s s e s  had t o  b e  c o n s i d e r e d  a s  one o f  
t h e  co m p o n en ts  o f  t h e  p a s t u r e  and s e c o n d l y  e v e n  l a r g e  
p a t c h e s  o f  r u s h  w i t h  no g r a s s  am ongst them , w ere  r e a l l y  
c o l o n i s t s  w h ic h  h a d  s u c c e s s f u l l y  o u s t e d  t h e  g r a s s e s  
w h ic h  had  p r e v i o u s l y  e x i s t e d  and t h e r e f o r e  t o  t h a t  
e x t e n t  i t  was l e g i t i m a t e  t o  r e d u c e  t h e  p e r c e n t a g e s  o f  
t h e s e .  Where t h e  g r a s s e s  e t c .  had t o  be  m e a su re d  a p a r t  
f ro m  t h e  r u s h  i n  t h e  f i r s t  i n s t a n c e ,  t h e  r e a d i n g s  w ere  
made a t  t y p i c a l  b u t  w i d e l y  s c a t t e r e d  p o i n t s  t h r o u g h o u t  
t h e  n o n - r u s h  a r e a .
The am oun ts  t h e r e f o r e  s e t  f o r t h  i n  T a b le  XL 
a r e  p e r c e n t a g e s  o f  t h e  t o t a l  h e r b a g e  com posing  e a c h  
f i e l d .  O nly  t h e  g r a m in e o u s  s p e c i e s  w i th  t h e  a d d i t i o n  
o f  T r i f o l i u m  r e p e n s  and  J u n c u s  communis a r e  d e a l t  w i t h  
h e r e ,  t h u s  sum m ation  f o r  an y  one f i e l d  d o e s  n o t  g iv e
-1 5 3 -
one h u n d re d  p e r  c e n t .  At t h e  f o o t  o f  T a b le  XL a l s o ,  
a r e  g iv e n  t h e  pH and l im e  r e q u i r e m e n t  v a l u e s  f o r  e a c h  
f i e l d .  The o r d e r  i n  w h ic h  th e  f i e l d s  a r e  num bered  i s  
s im p ly  t h e  o r d e r  i n  w h ic h  t h e y  w ere  a n a l y s e d  and i s  
t h e r e f o r e  o f  no f u r t h e r  s i g n i f i c a n c e  t h a n  i n d i c a t i n g  
( i n  m o s t  c a s e s ,  b u t  n o t  a l l )  t h a t  c o n s e c u t i v e  num bers  
r e p r e s e n t  a d j a c e n t  f i e l d s .
I t  may b e  n o te d  t h a t  w h i l e  t h e  l a s t  f i e l d  i s  
num bered  "66"  t h e r e  a r e  i n  f a c t  s i x t y  one a n a l y s e s  g i v e n .  
The d a t a  f o r  f i v e  f i e l d s  h av e  b e e n  o m i t t e d  s i n c e  t h e s e  
f i e l d s  w ere  e i t h e r  e n t i r e l y  c o v e r e d  b y  r u s h  o r  had  b e e n  
r e - s e e d e d  th e  p r e v i o u s  y e a r ,  w h e re a s  t h e  o t h e r s  w ere  
e i t h e r  i n  p e rm a n e n t  p a s t u r e  o r  o l d  l e a .
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To d e a l  w i t h  t h e  f i g u r e s  m ore e a s i l y ,  c a r d s  
w ere  p r e p a r e d  -  one f o r  e a c h  f i e l d  -  on w h ic h  w ere  
e n t e r e d  t h e  p e r c e n t a g e  o f  e a c h  s p e c i e s ,  t h e  l im e  r e q u i r e ­
m ent and th e  pH v a l u e s  and th e  l o s s  on i g n i t i o n .  The 
c a r d s  w ere  t h e n  a r r a n g e d  i n  d e s c e n d i n g  o r d e r  o f  l im e  
r e q u i r e m e n t s .  I n  t h i s  o r d e r  t h e  l im e  r e q u i r e m e n t s ,  
t h e  pH v a l u e s  and t h e  l o s s  on i g n i t i o n  w ere  p l o t t e d  t o  
b r i n g  o u t  a n y  r e l a t i o n s h i p  w h ich  m ig h t  e x i s t  b e tw e e n  
th em .
As may b e  s e e n  f ro m  G raph 1 t h e r e  i s  a t e n d e n c y  
o v e r  t h e  w h o le  s e r i e s  f o r  t h e s e  v a l u e s  to  move s i m u l t a n e ­
o u s l y .  As t h e  l im e  r e q u i r e m e n t  f a l l s  t h e  g e n e r a l  t r e n d  
o f  t h e  pH v a l u e s  i s  u p w a r d s .  I t  i s ,  h o w ev e r ,  o n l y  a  
g e n e r a l  t r e n d ,  t h e  i n d i v i d u a l  v a l u e s  b e i n g  v e r y  e r r a t i c .  
W ith  a  f a l l i n g  l im e  r e q u i r e m e n t  t h e r e  i s  a  g e n e r a l  f a l l  
i n  o r g a n i c  m a t t e r .  (The o r g a n i c  m a t t e r  c o n t e n t  i s  o f  
c o u r s e  a p a r t i a l  c a u s e ,  m ore th a n  an  e f f e c t . )  B u t  a s  
t h e  o r g a n i c  m a t t e r  c o n t e n t  i s  so u n i f o r m  t h r o u g h o u t  t h e  
a r e a  t h e  p a r a l l e l i s m  b e tw e e n  i t  and t h e  l im e  r e q u i r e m e n t  
i s  o n ly  s e e n  i n  t h e  f i r s t  h a l f  o f  th e  g r a p h .
Of t h e  tw e lv e  s p e c i e s  d e a l t  w i th  i n  T a b le  XL. 
o n ly  i n  t h e  c a s e s  o f  e i g h t  w ere  r e l a t i o n s h i p s  s o u g h t  w i t h  
t h e  l im e  r e q u i r e m e n t  and pH v a l u e s ,  t h e  o t h e r  f o u r  b e i n g  
o f  l e s s  f r e q u e n t  o c c u r r e n c e .  L o liu m  p e r e n n e  and  A g r o s t i s
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w ere  o f t e n  a b s e n t  b u t  t h e s e  w ere  r e t a i n e d  f o r  c o n s i d e r a ­
t i o n  s i n c e  i n  o t h e r  i n v e s t i g a t i o n s  t h e y  h ad  b e e n  fo u n d  
t o  b e  i n f l u e n c e d  b y  t h e  l im e  s t a t u s  o f  t h e  s o i l .
To f i n d  w h e th e r  t h e  p e r c e n t a g e  o f  a n y  s p e c i e s  
i r o s e  o r  f e l l  w i t h  t h e  l im e  r e q u i r e m e n t  o f  t h e  s o i l  on 
w h ic h  i t  was g ro w in g ,  t h e  f o l l o w i n g  p r o c e d u r e  was a d o p t e d .  
At e q u a l  i n t e r v a l s  a l o n g  a  h o r i z o n t a l  a x i s  w ere  p l a c e d  
t h e  r e f e r e n c e  num bers  o f  t h e  f i e l d s  i n  o r d e r  o f  d e c r e a s i n g  
l im e  r e q u i r e m e n t .  Prom a  p e r p e n d i c u l a r  s c a l e  t h e  p e r c e n ­
t a g e  o f  e a c h  s p e c i e s  was p l o t t e d .  The p o i n t s  m a rk in g  
t h e  p e r c e n t a g e  on e a c h  f i e l d  w ere  t h e n  j o i n e d  b y  s t r a i g h t  
l i n e s .  A p o s i t i v e  c o r r e l a t i o n  w ould  t h u s  be  i n d i c a t e d  
b y  a f a l l  i n  t h e  g r a p h  f ro m  l e f t  t o  r i g h t .
G raph 2 shows t h e  c a s e s  o f  C y n o su ru s  c r i s t a t u s ,  
L o l iu m  p e r e n n e ,  Poa and A g r o s t i s ;  g r a p h  3 o f  A n th o x an th u m  
o d o ra tu m ,  J u n c u s  com m unis, H o lc u s  l a n a t u s  and  T r i f o l i u m  
r e p e n s .
T h e se  g r a p h s  g i v e  no e v id e n c e  o f  c o r r e l a t i o n  
b e tw e e n  t h e  p e r c e n t a g e  o f  a n y  s p e c i e s  and t h e  l im e  r e ­
q u i r e m e n t .
Now, a l t h o u g h  t h e r e  was a  s l i g h t  t e n d e n c y  f o r  
t h e  pH v a l u e s  t o  r i s e  a s  t h e  l im e  r e q u i r e m e n t s  f e l l ,  
t h e  c o r r e l a t i o n  was n o t  s u f f i c i e n t l y  h i g h  t o  j u s t i f y
- 1 5 9 -
t h e  c o n c l u s i o n  t h a t  t h e  p e r c e n t a g e s  o f  t h e  s p e c i e s  w ere  
no more c l o s e l y  c o r r e l a t e d  w i t h  t h e  pH t h a n  w i t h  t h e  
l im e  r e q u i r e m e n t  v a l u e s .  The same m ethod  a s  b e f o r e  was 
t a k e n  t h e r e f o r e  t o  show w h e th e r  t h i s  w ere  so o r  n o t .
I n  t h i s  c a s e  t h e  r e f e r e n c e  num bers  o f  t h e  f i e l d s  i n  
o r d e r  o f  d e c r e a s i n g  pH v a lu e  w ere  p l a c e d  a t  e q u a l  i n t e r ­
v a l s  a lo n g  a  h o r i z o n t a l  a x i s ,  and a g r a p h  f a l l i n g  f ro m  
l e f t  t o  r i g h t  w ould  i n d i c a t e  a  p o s i t i v e  c o r r e l a t i o n .
G raph  4 shows t h e  r e s u l t s  f o r  C y n o su ru s  c r i s t a t u s  and  
L o l iu m  p e r e n n e ;  g r a p h  5 f o r  P o a ,  A g r o s t i s ,  H o lc u s  l a n a t u s  
and  T r i f o l i u m  r e p e n s ;  g r a p h  6 f o r  A n th o x an th u m  o d o ra tu m  
and J u n c u s  com m unis.
DISCUSSION
I f  a n y  e x t e n s i v e  a r e a  i s  t o  be s u rv e y e d  f o r  
t h e  c o l l e c t i o n  o f  s o i l  and  b o t a n i c a l  d a t a ,  c o n s i d e r a b l e  
d i s t a n c e s  m u s t  i n t e r v e n e  b e tw e e n  t h e  p o i n t s  f ro m  w h ic h  
s u c c e s s i v e  s o i l  s a m p le s  a r e  d raw n  and a l s o  b e tw e e n  t h o s e  
w h ere  s u c c e s s i v e  b o t a n i c a l  r e a d i n g s  a r e  m ade. The a t t e m p t  
w as made t o  a v e r a g e  o u t  s m a l l  l o c a l  d i f f e r e n c e s  b y  t a k i n g  
f o u r  o r  f i v e  s u b - s a m p le s  and  b u l k i n g  t h e s e  t o  g i v e  a  s o i l  
s am p le  r e p r e s e n t a t i v e  o f  a  few  a c r e s  (more o r  l e s s  a c c o r d ­
i n g  a s  t h e  s o i l  a p p e a r e d  t o  c h a n g e  i n  c h a r a c t e r ) .
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S i m i l a r l y  f o r  e a c h  a r e a  r e p r e s e n t e d  b y  a  c o m p le te  s o i l  
s a m p le ,  tw e n ty  wP o i n t  Q u a d r a t "  r e a d i n g s  w ere  m ade , summed 
and d i v i d e d  b y  two t o  g i v e  t h e  p e r c e n t a g e  b o t a n i c a l  a n a ­
l y s i s .  The s o i l  s a m p l in g  and th e  b o t a n i c a l  a n a l y s e s  w ere  
n o t  d one  a t  t h e  same t im e  and  t h e r e f o r e  i t  w ou ld  have  
b e e n  p u r e  c o i n c i d e n c e  had  a sam ple  b e e n  draw n f ro m  
e x a c t l y  t h e  same p o i n t  a t  w h ic h  a  b o t a n i c a l  r e a d i n g  was 
m ad e .
From s o i l  s a m p le s  d ra w n ,  and  b o t a n i c a l  a n a l y s e s  
made a s  i n d i c a t e d ,  t h e  s e a r c h  f o r  a c o r r e l a t i o n  b e tw e e n  
th e  l im e  r e q u i r e m e n t s  and  t h e  p e r c e n t a g e  o f  t h e  commoner 
s p e c i e s  y i e l d e d  e n t i r e l y  n e g a t i v e  r e s u l t s .  S i m i l a r  
r e s u l t s  f o r  t h e  m o s t  p a r t  w ere  o b t a i n e d  i n  s e e k i n g  a 
c o r r e l a t i o n  b e tw e e n  t h e  p e r c e n t a g e s  o f  t h e  s p e c i e s  and 
t h e  pH v a l u e s .  T h e re  was h o w ev er  i n  t h i s  c a s e  a  s u g g e s t io n  
t h a t  C y n o su ru s  c r i s t a t u s  and Poa sp p .  ( m a in ly  t r i v i a l i s )  
t e n d e d  t o  b e  p r e s e n t  i n  s m a l l e r  am oun ts  a s  t h e  a c i d i t y  
i n c r e a s e d .  L ik e w is e  t h e r e  was a s u g g e s t i o n ,  th o u g h  f a i n t ,  
t h a t  A g r o s t i s ,  becam e m ore p r e v a l e n t  w i t h  an  i n c r e a s e  i n  
a c i d i t y .
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LATIN SQUARE EXPERIMENT
One o f  t h e  g r e a t  w e a k n e s se s  i n  m o s t  e x p e r i ­
m e n ts  d e s ig n e d  t o  t e s t  t h e  e f f e c t  o f  t h i s  o r  t h a t  t r e a t ­
m en t i s  t h a t  a s  a  r e s u l t  o f  i n s u f f i c i e n t  r e p l i c a t i o n  and 
l a c k  o f  p r o p e r  a r r a n g e m e n t  o f  t h e  p l o t s ,  t h e  r e s u l t s  a r e  
n o t  s u s c e p t i b l e  o f  s t a t i s t i c a l  t r e a t m e n t .  T h e i r  s i g n i ­
f i c a n c e  t h e r e f o r e  c a n n o t  b e  p r o p e r l y  a s s e s s e d .  To a l l o w  
f o r  t h i s  i t  was r e s o l v e d  t o  c o n d u c t  a n  e x p e r im e n t  i n  
w h ic h  t h e  p l o t s  w ere  a r r a n g e d  on  t h e  " L a t i n  S q u a re "  
s y s te m ,  t o  t h e  r e s u l t s  o f  w h ic h  t h e  a n a l y s i s  o f  v a r i a n c e  
a s  d e v e lo p e d  b y  F i s h e r  (1 6 )  m ig h t  b e  a p p l i e d .
T h i s  p r o c e d u r e  seem ed d e s i r a b l e  n o t  o n l y  f ro m  
t h e  i n t e r e s t  w h ich  m ig h t  a c c r u e  f ro m  t h e  im m e d ia te  r e s u l t s  
b u t  a l s o  f ro m  t h e  f a c t  t h a t  s u c h  a  m ethod  o f  e x p e r i m e n t a ­
t i o n  had  n e v e r  b e f o r e  b e e n  t r i e d  i n  t h e  W est o f  S c o t l a n d  
an d  so  f a r  a s  c o u ld  b e  l e a r n e d  h a d  n o t  p r e v i o u s l y  b e e n  
a p p l i e d  a t  a n y  c e n t r e  t o  t h e  p ro b le m  u n d e r  c o n s i d e r a t i o n .
W h ile  t h e  e x p e r im e n t  was c o n c e iv e d  and d e s i g n e d  
t o  l a s t  f o r  a n  i n d e f i n i t e  num ber o f  y e a r s ,  i t s  im m e d ia te  
o b j e c t s  w e re  t o  s u p p ly  a c c u r a t e  i n f o r m a t i o n  t o  t h e  
f o l l o w i n g  q u e s t i o n s : -
(1 )  D oes a  s m a l l  a r e a  ( 0 . 4  a c r e s )  o f  a p p a r e n t l y  
u n i f o r m  s o i l  p o s s e s s  f ro m  p o i n t  t o  p o i n t  
an y  c o n s i d e r a b l e  v a r i a t i o n  i n  ( a )  a c i d i t y  
a s  i n d i c a t e d  b y  t h e  pH v a l u e s ,  and  (b )  
n e e d  f o r  l im e  a s  i n d i c a t e d  b y  t h e  "Lime
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” l im e  r e q u i r e m e n t ” f i g u r e s ?
(2 )  I f  v a r i a t i o n  d o e s  o c c u r  i s  t h e r e  a n y  a p p a r e n t
r e l a t i o n s h i p  b e tw e e n  th e  pH v a l u e s  and  th e  
l im e  r e q u i r e m e n t  f i g u r e s ?
(3 )  To w h a t  e x t e n t  d o e s  t h e  b o t a n i c a l  c o m p o s i t i o n
o f  o l d  p a s t u r e  show v a r i a t i o n  t h r o u g h o u t  a  
s m a l l  a r e a ?
(4 )  I f  a  r a n g e  o f  pH and l im e  r e q u i r e m e n t  v a l u e s
i s  f o u n d ,  w i l l  t h e  b o t a n i c a l  c o m p o s i t i o n  
show a n y  r e l a t i o n s h i p  t o  t h a t  o f  e i t h e r  t h e  
pH o r  l im e  r e q u i r e m e n t  v a l u e s  w i t h i n  a  s m a l l  
a r e a ?
(5 )  What e f f e c t  on t h e  y i e l d  o f  o ld  p a s t u r e  h a v e
i n c r e a s i n g  a p p l i c a t i o n s  o f  c a l c iu m  c a r b o n a t e  
b a s e d  on t h e  l im e  r e q u i r e m e n t  r a t e ?
PROCEDURE.
L a y in g  o f f  t h e  P l o t s .
F a c i l i t i e s  f o r  th e  c a r r y i n g  o u t  o f  t h e  e x p e r i ­
m ent w ere  a f f o r d e d  by  t h e  P l a n t  H u sb a n d ry  D e p a r tm e n t  o f  
t h e  W est o f  S c o t l a n d  A g r i c u l t u r a l  C o l l e g e ,  i n  t h e  g ro u n d s  
a t  A u c h i n c r u i v e , A y r .  From a  tw e lv e  a c r e  f i e l d  o f  o l d  
p a s t u r e  w h ic h  h a d  n o t  b e e n  p lo u g h e d  f o r  a t  l e a s t  tw e n ty  
y e a r s  and  w h ic h  h a d  b e e n  s u b j e c t  t o  m ixed  g r a z i n g  b y  
c a t t l e  a n d  s h e e p ,  an  a p p a r e n t l y  u n i f o r m  a r e a  was s e l e c t e d .  
A s q u a r e  o f  44 y a r d s  s i d e  was m e a s u re d  o f f  and t h i s  was
d i v i d e d  i n t o  16 e q u a l  p l o t s .  The t o t a l  a r e a  and  t h e
4 1a r e a  o f  e a c h  p l o t  was t h e r e f o r e  a c r e  and a c r e  r e s ­
p e c t i v e l y .  The p l o t s  w e re  n um bered  a s  i n d i c a t e d  i n  t h e
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f o l l o w i n g  p l a n ,
PLAN show ing  LAYOUT o f  PLOTS
--------------------------4 4  y a r d s -------------------
- 1 1 y d s -
1 2 3 4
5 6 7 8
9 10 11 12
13 14 15 16
PRELIMINARY SAMPLING
I n  o r d e r  t o  f i n d  i n  t h e  f i r s t  i n s t a n c e  w h e th e r  
t h e  s o i l  d i d  v a r y  f ro m  p l o t  t o  p l o t  i n  i t s  pH v a l u e  and  
l im e  r e q u i r e m e n t  and so  d e t e r m in e  t h e  f u t u r e  c o u r s e  o f  
a c t i o n ,  p r e l i m i n a r y  s m a l l  s a m p le s  o f  s o i l  and  s u b s o i l  
w e re  t a k e n  f ro m  e a c h  p l o t  b y  m eans o f  a s o i l  a u g e r .  On 
t e s t i n g  i t  was fo u n d  t h a t  f o r  t h e  s o i l  t h e  pH v a l u e s  
r a n g e d  f ro m  4 .2 9  t o  5 .1 1  and th e  l im e  r e q u i r e m e n t  f i g u r e s
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f ro m  .1 6 0  t o  .2 6 2  p e r  c e n t  c a l c iu m  c a r b o n a t e .  The v a l u e s
Xf o r  t h e  s u b s o i l  showed a s l i g h t l y  g r e a t e r  r a n g e .
BULK SAMPLING.
The f i g u r e s  o b t a i n e d  f ro m  t h e  p r e l i m i n a r y  
s a m p le s  w ere  c o n s i d e r e d  t o  show s u f f i c i e n t  f l u c t u a t i o n  
t o  j u s t i f y  t h e  r e - t a k i n g  o f  s a m p le s  w h ich  w ould  more 
c l o s e l y  r e f l e c t  t h e  c h a r a c t e r  o f  e a c h  p l o t  c o n s i d e r e d  
a s  a  u n i t .  F u r t h e r ,  i t  was r e s o l v e d  t h a t  t h e  s a m p le s  
s h o u ld  b e  o f  s u f f i c i e n t  s i z e  t o  a f f o r d  a  l a r g e  s u r p l u s  
a f t e r  t h e  t e s t s  had  b e e n  c a r r i e d  o u t .  T h is  p r e c a u t i o n  
was t a k e n  so  t h a t  a n y  r e a d i n g  c o u l d  b e  c h e c k e d  l a t e r  a n d ,  
s i n c e  i t  was p r o p o s e d  t o  l e a v e  t h e  e x p e r im e n t  down f o r  
a n  i n d e f i n i t e  num ber o f  y e a r s ,  t h e  o r i g i n a l  s o i l s  and  
s u b s o i l s  w ould  s t i l l  b e  a v a i l a b l e  s h o u ld  an y  new t e s t s  
b e  d e v i s e d .  A c c o r d i n g l y  c o r e s  o f  s o i l  and  s u b s o i l  w e re  
t a k e n  a t  y a r d  i n t e r v a l s  t h r o u g h o u t  e a c h  p l o t  and b u lk e d  
s e p a r a t e l y ,  g i v i n g  s i x t e e n  c o m p o s i te  s a m p le s  o f  s o i l  
and  s i x t e e n  o f  s u b s o i l .  The l a b o r i o u s  p r o c e s s  o f  d r a w in g  
some s i x t e e n  h u n d r e d  c o r e s  o f  s o i l  and an  e q u a l  num ber 
o f  s u b s o i l  was u n a v o i d a b l e  i n  o b t a i n i n g  t h e  d e s i r e d  
a c c u r a c y  o f  r e p r e s e n t a t i o n .  The r e s u l t  i s  h o w ev er  t h a t  
t h e r e  now e x i s t s  i n f o r m a t i o n  on t h e  s o i l s  w h ic h  h a s  n o t
x  The c o m p le te  v a l u e s  f o r  th e  p r e l i m i n a r y  and  b u l k  
s a m p le s  a r e  r e c o r d e d  i n  A p p e n d ix  B.
165-
b e f o r e  b e e n  a v a i l a b l e  i n  s u c h  d e t a i l  a s  a  b a s i s  f o r  
f i e l d  e x p e r i m e n t a t i o n .
TABLE X L I. pH and LIME REQUIREMENT VALUES
o f  s o i l s  from  16 PLOTS.
P l o t  No. pH Lim a r e q u i r e m e n t
% CaCOg
1 4 .8 1 0 .274
2 4 .9 1 0 .2 4 9
3 5 .2 3 0 .277
4 5 .2 4 0 .2 7 0
5 5 .0 2 0 .2 5 2
6 4 .8 5 0 .2 5 5
7 4 .9 5 0 .2 5 5
8 4 .9 3 0 .2 5 5
9 4 .7 0 0 .278
10 4 .9 5 0 .2 4 8
11 4 .9 5 0 .290
12 5 .5 9 0 .278
13 4 .6 2 0 .263
14 4 .7 5 0.276
15 4 .9 0 a  285
16 5 .3 1 0.300
A l th o u g h  a  t r a n s i t i o n  i n  t h e  n a t u r e  o f  t h e  
s o i l  f ro m  p l o t  t o  p l o t  was n o t  o b v io u s  f ro m  i n s p e c t i o n  
i t  was t h o u g h t  p o s s i b l e  t h a t  t h e  pH o r  l im e  r e q u i r e m e n t  
f i g u r e s  m ig h t  show a t r e n d  i n  some p a r t i c u l a r  d i r e c t i o n .  
I n  o r d e r  t o  d i s p l a y  w h e th e r  t h i s  w ere  s o  o r  n o t  t h e  
f i g u r e s  w ere  a r r a n g e d  i n  t h e  same r e l a t i v e  p o s i t i o n s  
a s  t h e  p l o t s ,  g i v i n g  a s  i t  w ere  p l a n s  o f  pH and l im e  
r e q u i r e m e n t  v a l u e s : -
t a b l e /
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TABLE X L II. PLAN o f  pH VALUES
( 1 )
4 .8 1
(5 )
5 .0 2
(9 )
4 .7 0
(1 3 )
4 .6 2
TABLE X L I I I .  PLAN o f  LIME REQUIREMENTS 
( P l o t  N os. i n  B r a c k e t s )
(1 ) (2 ) (3 ) (4 )
.2 7 4 .2 4 9 .2 7 7 .2 7 0
(5 ) (5 ) (7 ) (8 )
.2 5 2 .2 5 5 .2 5 5 .2 5 5
(9 ) (1 0 ) (1 1 ) (1 2 )
.2 7 8 .2 4 8 .2 9 0 .2 7 8
(1 3 ) (1 4 ) (1 5 ) (1 6 )
.2 6 3 .2 7 6 .2 8 5 .3 0 0
I t  w i l l  b e  s e e n  from  T a b le  X L II t h a t  t h e  pH 
v a l u e s  show no c o n s i s t e n t  r i s e  o r  f a l l  f ro m  W est t o  E a s t .  
T h e re  i s  h o w e v e r  a  g e n e r a l  t e n d e n c y  t o  r i s e  f ro m  S o u th  
t o  N o r th  w i t h  a  p e r s i s t e n t  r i s e  f ro m  S o u th  W est t o  N o r th  
E a s t  a l o n g  t h e  s t r i p  o c c u p ie d  b y  P l o t s  ( 1 ) ,  ( 6 ) ,  ( 1 1 ) ,  
(1 6 )  and ( 2 ) ,  ( 7 ) ,  ( 1 2 ) :  and  f ro m  S o u th  E a s t  t o  N o r th
( P l o t  Nos. i n  B r a c k e t s )
(2 )  ( 3 )  ( 4 )
4 .9 1  5 .2 3  5 .2 4
( 6 )  ( 7 )  (8 )
4 .8 5  4 .9 5  4 .9 3
(XO) (11) (12) &
4 .9 5  4 .9 5  5 .5 9
(1 4 )  (1 5 )  (1 6 )
4 . 7 5  4 .9 0  5 .3 1
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W est a lo n g  t h e  s t r i p  o c c u p ie d  b y  P l o t s  ( 1 3 ) ,  ( 1 0 ) ,  ( 7 ) ,
(4 )  and ( 9 ) ,  ( 6 ) ,  ( 5 ) .  The l im e  r e q u i r e m e n t  f i g u r e s  
show much i r r e g u l a r i t y  and  t h e  o n ly  p e r s i s t e n t  t r e n d  
i s  a r i s e  f ro m  S o u th  to  N o r th  a l o n g  t h e  p l o t s  ( 1 3 ) ,
( 1 4 ) ,  (1 5 )  and  ( 1 6 ) .
W hile  i n s p e c t i o n  o f  T a b le s  X L II and  X L I I I  
s t r o n g l y  s u g g e s t  an  a b s e n c e  o f  c o r r e l a t i o n  b e tw e e n  t h e  
pH v a l u e  and th e  c o r r e s p o n d i n g  l im e  r e q u i r e m e n t  f i g u r e s ,  
a g r a p h i c a l  m ethod  h a s  b e e n  em ployed  t o  d i s p l a y  t h e s e  
r e a d i n g s  so  t h a t  an y  r e l a t i o n s h i p  w h ic h  may h av e  e s c a p e d  
n o t i c e  on i n s p e c t i o n  o f  t h e  f i g u r e s  w i l l  b e  b r o u g h t  o u t .  
The P l o t  n u m b e rs ,  a r r a n g e d  i n  o r d e r  o f  d e c r e a s i n g  l im e  
r e q u i r e m e n t s ,  h av e  b e e n  p l a c e d  a t  e q u a l  i n t e r v a l s  a l o n g  
th e  h o r i z o n t a l  a x i s  w h i l e  on t h e  v e r t i c a l  a  s c a l e  r e ­
p r e s e n t s  l im e  r e q u i r e m e n t s .  The a p p r o p r i a t e  l im e  r e q u i r e  
m ent f i g u r e  f o r  e a c h  p l o t  was m ark ed  b y  a  p o i n t .  The 
p o i n t s  w ere  j o i n e d  t o  g iv e  a  c o n t i n u o u s l y  f a l l i n g  g r a p h .  
U s in g  t h e  same h o r i z o n t a l  s c a l e  b u t  a  new v e r t i c a l  s c a l e  
o f  pH v a l u e s ,  t h e  pH r e a d i n g s  w ere  g r a p h e d  i n  a  s i m i l a r  
w ay . (G rap h  7 ) .
I t  i s  c l e a r  f ro m  t h e  g r a p h  t h a t  w i t h i n  t h e  
l i m i t s  o f  t h e  o b s e r v a t i o n s  i n  t h i s  e x p e r im e n t  no c o r r e ­
l a t i o n  e x i s t s  b e tw e e n  t h e  l im e  r e q u i r e m e n t  f i g u r e s  and  
t h e  pH v a l u e s .
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BOTANICAL ANALYSES
The b o t a n i c a l  a n a l y s e s  o f  th e  p l o t s  w ere  made 
b y  t h e  " P o i n t  Q u a d r a t"  m e th o d .  F o r  e a c h  p l o t  two g r o u p s  
o f  t e n  r e a d i n g s  w ere  made -  one g ro u p  a l o n g  e a c h  d i a g o n a l ,  
t h e  i n d i v i d u a l  r e a d i n g s  b e i n g  t a k e n  a t  i n t e r v a l s  o f  
a p p r o x i m a te ly  one and  a  h a l f  y a r d s .  The p e r c e n t a g e  
c o m p o s i t i o n s  a r r i v e d  a t  b y  t h e  s e p a r a t e  su m m atio n s  o f  
t h e  g ro u p s  f o r  e a c h  p l o t  a g r e e d  so  w e l l  i n  t h e  m a j o r i t y  
o f  c a s e s  t h a t  i t  seem ed c l e a r  t h a t  f o r  m ore e x t e n s i v e  
s t u d i e s  w here  t im e  was a n  i m p o r t a n t  f a c t o r ,  s i n g l e  g r o u p s  
o f  t e n  r e a d i n g s  w ould  y i e l d  r e s u l t s  o f  c o n s i d e r a b l e  v a l u e .  
I n  t h i s  p a r t i c u l a r  i n s t a n c e  h o w e v e r  t h e  two p e r c e n t a g e s  
f o r  e ach  p l o t  w ere  a v e r a g e d  t o  o b t a i n  g r e a t e r  a c c u r a c y .
The a n a l y s e s  t h u s  a r r i v e d  a t  a r e  g iv e n  i n  T a b le  XLIV.
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The t a b l e  shows t h a t  t h e r e  w ere  e i g h t  p r i n c i p a l  
s p e c i e s  c o n t r i b u t i n g  t o  t h e  p a s t u r e  and f o u r  w h ic h  o c c u r re d  
f a i r l y  f r e q u e n t l y  b u t  d i d  n o t  make any  l a r g e  c o n t r i b u t i o n .  
A few  s c a t t e r e d  p l a n t s  o f  T r i f o l i u m  r e p e n s ,  Rumex a c e t o s a ,  
P l a n t a g o  l a u c e o l a t a ,  A lo p e c u r u s  g e n i c u l a t u s ,  and L u z u la  
c a m p e s t r l s  w ere  fo u n d  and on  one  p l o t  (N o .1 6 )  t h e r e  was 
a  v e r y  f a i n t  t r a c e  o f  J u n c u s .
I n  o r d e r  t o  a s c e r t a i n  w h e th e r  a n y  c o n n e c t i o n  
e x i s t e d  b e tw e e n  t h e  p e r c e n t a g e s  o f  t h e  p r i n c i p a l  com­
p o n e n t s  o f  t h e  p a s t u r e  and t h e  l im e  r e q u i r e m e n t  o f  t h e  
s o i l ,  t h e  p e r c e n t a g e s  f o r  e a c h  s p e c i e s  w ere  g r a p h e d  
a g a i n s t  t h e  P l o t  num bers  a r r a n g e d  i n  d e c r e a s i n g  o r d e r  
o f  l im e  r e q u i r e m e n t  ( s e e  G raph  7 ) .  S h o u ld  a p a r t i c u l a r  
s p e c i e s  b e  p r e s e n t  i n  g r e a t e r  a b u n d a n c e  w here  t h e  s o i l  
shows l e s s  n e e d  f o r  l im e  t h e n  t h e  g r a p h  w i l l  r i s e  f ro m  
l e f t  t o  r i g h t :  s h o u ld  t h e  s p e c i e s  b e  m ore s u c c e s s f u l  
w h ere  t h e  l im e  r e q u i r e m e n t  i s  h i g h  t h e n  th e  g r a p h  w i l l  
t e n d  t o  f a l l  f ro m  l e f t  t o  r i g h t .  G raph  ( 8 ) shows t h e  
c a s e s  o f  L o l iu m  p e r e n n e ,  D a c t y l i s  g l o m e r a t a ,  Phleum  
p r a t e n s e  and P e s t u c a  p r a t e n s i s ;  G raph  (9 )  C y n o su ru s  
c r i s t a t u s  a n d  Poa t r i v i a l i s ;  G rap h  ( 1 0 ) ,  A g r o s t i s  v u l ­
g a r i s  an d  H o lc u s  l a n a t u s .
I t  i s  o b v io u s  f ro m  t h e s e  g r a p h s  t h a t  t h e r e  i s  
no  w e l l  d e f i n e d  t r e n d  i n  t h e  am ount o f  a n y  s p e c i e s ,
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e l t h e r  a g a i n s t  o r  w i t h  t h e  l im e  r e q u i r e m e n t  o f  t h e  s o i l .  
Had a c o r r e l a t i o n  b e e n  s e e n  t o  e x i s t  b e tw e e n  t h e  l im e  
r e q u i r e m e n t  and  t h e  p e r c e n t a g e  o f  any s p e c i e s  t h e n  o b ­
v i o u s l y  i t  w ou ld  h a v e  b e e n  u n n e c e s s a r y  t o  l o o k  f o r  an y  
b e tw e e n  t h a t  s p e c i e s  and t h e  pH v a l u e s .  No s u c h  c o r r e ­
l a t i o n s  w ere  fo u n d  t h e r e f o r e  t h e r e  s t i l l  r e m a in e d  t h e  
p o s s i b i l i t y  o f  a r e l a t i o n s h i p  b e tw e e n  a n y  o f  t h e  s p e c i e s  
and  th e  pH v a l u e s . The same means a s  b e f o r e  w e re  a d o p te d  
t o  t e s t  t h i s  p o s s i b i l i t y .  The p l o t  num bers  w e re  a r r a n g e d  
i n  d e s c e n d i n g  o r d e r  o f  pH v a l u e  and t h e  p o i n t s  m a r k in g  
t h e  r e s p e c t i v e  pH v a l u e s  j o i n e d  t o  g i v e  a  s t e a d i l y  
f a l l i n g  g r a p h .  The p e r c e n t a g e s  o f  t h e  e i g h t  p r i n c i p a l  
s p e c i e s  w ere  t h e n  g ra p h e d  i n  th e  same o r d e r .  G rap h s
( 1 1 ) ,  (1 2 )  and (1 3 )  show t h e  r e s u l t s .
C e r t a i n  i n t e r e s t i n g  t r e n d s  h a v e  b e e n  b r o u g h t  
o u t  b y  t h i s  a r r a n g e m e n t ,  w h ic h  w i l l  be  d i s c u s s e d  a f t e r  
a l l  t h e  a v a i l a b l e  d a t a  f ro m  t h i s  e x p e r im e n t  h av e  b e e n  
p r e s e n t e d .
EFFECT o f  LIME on YIELD.
I n  o r d e r  t o  t e s t  t h e  e f f e c t  o f  l im e  o n  t h e  
y i e l d  o f  o l d  p a s t u r e ,  g ro u n d  l i m e s t o n e  c o n t a i n i n g  8 5 . 3 #  
p u r e  c a l c i u m  c a r b o n a t e  was u s e d .  I t  was d e c i d e d  t o  
a p p l y  t h e  l im e  a t  f o u r  r a t e s ,  so  t h a t  e a c h  t r e a t m e n t
-1 7 2 -
c o u ld  h a v e  f o u r  r e p l i c a t e s .  The r a t e s  w e r e : -
(1 )  No l im e  -  c o n t r o l .
(2 )  H a l f  t h e  l im e  r e q u i r e m e n t  r a t e .
(3 )  The l im e  r e q u i r e m e n t  r a t e .
(4 )  Tw ice t h e  l im e  r e q u i r e m e n t  r a t e .
S in c e  a  r a n g e  o f  l im e  r e q u i r e m e n t s  w ere  fo u n d ,  
s t r i c t  a d h e r e n c e  t o  t h e  o r i g i n a l  i n t e n t i o n  o f  l i m i n g  i n  
m u l t i p l e s  o f  t h e  p l o t  r e q u i r e m e n t s  was q u i t e  i m p r a c t i c a b l e  
m o re o v e r  t h e  s t a t i s t i c a l  m ethod  (1 6 )  o f  d e a l i n g  w i t h  t h e  
r e s u l t s  r e n d e r e d  t h i s  u n n e c e s s a r y *  s i n c e  i t  h a s  b e e n  
d e s ig n e d  t o  m ee t  j u s t  s u c h  d i f f i c u l t i e s .  A c c o r d i n g l y  
f o r  l im i tg p u rp o s e s  t h e  mean o f  t h e  s i x t e e n  p l o t  l im e  
r e q u i r e m e n t s  -  .2 6 9 #  c a l c i u m  c a r b o n a t e  -  was t a k e n  a s  
t h e  u n i t  r a t e  o f  a p p l i c a t i o n .  Thus t h e  f o u r  r a t e s  w e r e : -
(1 )  No l i m e .
(2 )  .1 3 4 #  c a l c i u m  c a r b o n a t e .
(3 )  .2 6 9 #  c a l c i u m  c a r b o n a t e .
(4 )  .5 3 8 #  c a l c i u m  c a r b o n a t e .
The w e i g h t s  o f  l i m e s t o n e  n e c e s s a r y  t o  s u p p ly  t h e s e  am o u n ts  
o f  c a l c i u m  c a r b o n a t e  w ere  c a l c u l a t e d  from  t h e  p e r c e n t a g e  
p u r i t y  o f  t h e  l i m e s t o n e .
x  T h i s  i s  t r u e  so  f a r  a s  im m e d ia te  r e s u l t s  a r e  
c o n c e r n e d  th o u g h  i t  r e n d e r s  f u t u r e  s o i l  
r e a c t i o n  s t u d i e s  m ore c o m p l i c a t e d .
173-
I n  o r d e r  t o  a l lo w  o f  t h e  r e s u l t s  b e i n g  a n a l y s e d  
s t a t i s t i c a l l y  t h e  s e l e c t i o n  o f  t h e  p a r t i c u l a r  p l o t s  t o  
r e c e i v e  t h e  v a r i o u s  t r e a t m e n t s  was p u r e l y  a t  random  w i t h  
t h e  r e s t r i c t i o n  t h a t  no  t r e a t m e n t  was d u p l i c a t e d  i n  t h e  
same row o r  c o lu m n . The s e l e c t i o n  f e l l  o u t  a s  i n d i c a t e d  
i n  t h e  f o l l o w i n g  p l a n  i n  w h ic h  L .R .  s i g n i f i e s  l im e  
r e q u i r e m e n t .
PLAN o f  RANDOMISED TREATMENT o f  PLOTS. 
( P l o t  N o s . i n  B r a c k e t s )
( 1 )
2 L .R .
( 2 )
C o n t r o l
(3 )  
i  L .R .
(4 )
1 L .R .
(5 )
1 L .R . i (6 )s  L .R .
(V)
C o n t r o l
( 8 )
2 L .R .
x (9>
-g L .R .
( 1 0 )
2  L .R .
( 1 1 )
1 L .R .
( 1 2 )
C o n t r o l
(1 3 )
C o n t r o l
(1 4 )
1 L .R .
(1 5 )
2  L .R .
(1 6 )  
i  L .R .
The l im e  was a p p l i e d  i n  m i d - w i n t e r  when t h e r e  
was v e r y  l i t t l e  v e g e t a t i o n  on t h e  p l o t s  and was h a r ro w e d  
i n  w i t h  a  s m a l l  s p i k e - t d o t h e d  h a r ro w  s p e c i a l l y  c o n s t r u c t e d  
f o r  h a u l a g e  b y  ttm an -p o w e rff on  e x p e r i m e n t a l  p l o t s .  Sub­
s e q u e n t  h e a v y  r a i n s  so o n  w ashed  t h e  l im e  i n t o  t h e  s o i l
P h o t o g r a p h  2 2 .
L a t i n  S q u a r e ,  P l o t  
1 2 .  T y p i c a l  opbn 
" s o l e ” i n  a b s e n c e  
o f  l i m e .
P h o t o g r a p h  23 .
L a t i n  S q u a r e ,  P l o t  
8 .  T v p i c a l  d e n s e  
" s o l e "  r e s u l t i n g  
f ro m  l i m i n g .
N o te :  P l o t s  12 &
8 a r e  a d j a c e n t . S PS
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and w i t h i n  a  few weeks none  was v i s i b l e  on  t h e  s u r f a c e  
e x c e p t  on a  v e r y  few  s m a l l  p a t c h e s .
G row th  i n  t h e  e a r l y  p a r t  o f  t h e  y e a r  was s lo w  
. ow ing  t o  a  p e r i o d  o f  c o l d  w in d s  b u t  l a t e r  came away 
r a p i d l y .  , I t  was o b v io u s  f r o m . i n s p e c t i o n  t h a t  c o n s i d e r ­
a b l e  d i f f e r e n c e s  i n  y i e l d s  w ould  b e  o b t a i n e d  -  n o t  o n  
a c c o u n t  o f  any  p r o m in e n t  ch an g e  i n  t h e  c o m p o s i t i o n  o f  
t h e  h e r b a g e ,  t h e  t im e  b e i n g  to o  s h o r t  f o r  t h a t ,  b u t  
b e c a u s e  o f  t h e  m ore p r o f u s e  and  b u s h y  g r o w th ,  g i v i n g  on 
th e  h e a v i l y  l im e d  p l o t s  a  t h i c k e r  " s o l e "  t h a n  on  th e  
c o n t r o l s .  (See P h o to g ra p h s  22 and  2 3 ) .
F iv e  m o n th s  a f t e r  t h e  a p p l i c a t i o n  o f  t h e  l im e  
t h e  p l o t s  w ere  c u t  and  w e ig h e d  im m e d ia t e ly .  The w e i g h t s  
r e c o r d e d  a r e  g i v e n  i n  T a b le  XLV.
TABLE XLV. GREEN WEIGHTS f ro m  LIMED PLOTS.
P l o t  No. l b 8
1 355
2  305
3 338
4 364
5 318
6  • 282
7 284
8  382
9 291
10 308
11 357
12 283
13 256
14 268
15 398
16 365
1 75-
I n  o r d e r  t o  a p p l y  th e  " A n a l y s i s  o f  V a r i a n c e "  
so t h a t  t h e  S ta n d a r d  E r r o r  o f  t h e  r e s u l t s  m ig h t  b e  fo u n d  
t h e  f o l l o w i n g  was t h e  p r o c e d u r e
(1 )  The mean o f  t h e  s i x t e e n  p l o t  y i e l d s  was f o u n d .
The s q u a r e s  o f  th e  d e v i a t i o n s  f ro m  t h i s  mean 
w ere  summed g i v i n g  2 8 0 5 0 .7 5  l b s .
(2 )  The y i e l d s  f ro m  th e  f o u r  t r e a t m e n t s  w ere  summed
s e p a r a t e l y .  The f o u r  d e v i a t i o n s  f ro m  t h e  mean 
o f  t h e  f o u r  " t r e a t m e n t  y i e l d s "  w e re  s q u a r e d ,  
summed and  d i v i d e d  by  4 ,  g i v i n g  1 2 5 3 2 .2 5  l b s .
(3 )  The y i e l d s  f ro m  t h e  f o u r  co lum ns  w ere  summed
s e p a r a t e l y .  The f o u r  d e v i a t i o n s  f ro m  t h e  mean 
o f  t h e  f o u r  "co lum n y i e l d s "  w ere  s q u a r e d ,  summed 
and d i v i d e d  b y  4 ,  g i v i n g  9 1 0 1 .2 5  l b s .
(4 )  The y i e l d s  from  t h e  f o u r  row s w ere  summed s e p a r ­
a t e l y .  The f o u r  d e v i a t i o n s  f ro m  t h e  mean o f  
t h e  f o u r  "row y i e l d s "  w ere  s q u a r e d ,  summed 
and d i v i d e d  b y  4 ,  g i v i n g  2 0 9 0 .2 5  l b s .
(5 )  The sum o f  th e  16 s q u a r e d  d e v i a t i o n s  l e s s  t h o s e
f o r  t r e a t m e n t s ,  co lum ns and row s g i v e  t h a t  
f o r  t h e  " E r r o r " .
T h ese  f i g u r e s  a r e  t a b u l a t e d  b e lo w  -  
TABLE XLVI. ANALYSIS o f  VARIANCE.
D e g re e s  o f  
F reedom Sums o f  S q u a re s Mean S q u a re
T r e a tm e n t s 3 1 2 5 3 2 .2 5
Columns 3 9 1 0 1 .2 5
Rows 3 2 0 9 0 .2 5
E r r o r 6 4 3 2 7 .0 0 7 2 1 .1 7
T o t a l 15 2 8 0 5 0 .7 5
S t a n d a r d  E r r o r  (4 p l o t  t o t a l s )  -  *yr7 2 1 .1 ' lt  x  4
-  V ^ 8 4 . 6 F "  
5 3 .7 1 .
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The y i e l d s  p e r  V l O ^  a c r e  f 1*©111 t h e  f o u r  
t r e a t m e n t s ,  w i t h  t h e  mean y i e l d  and t h e  S t a n d a r d  E r r o r ,  
i n  l b s  and  a s  a p e r c e n t a g e  o f  th e  mean a r e  g i v e n  i n  
T a b le  XLVII.
TABLE XLVII. YIELDS f ro m  LIME TREATMENTS
T r e a tm e n t s C o n t r o l 4  L .R . 1 L .R . 2 L .R . Mean S .E .
l b s  p e r  
1 / 1 0  a c r e ,  
p e r  c e n t . . .
1128
8 7 .5
1276
9 9 .0
1307
1 0 1 .4
1443
1 1 1 .9
1 2 8 8 .5
1 0 0
5 3 .7 1
4 . 1
SIGNIFICANCE o f  RESULTS.
The s i g n i f i c a n c e  o f  d i f f e r e n c e s  i s  a s s e s s e d  
on  t h e  num ber o f  t im e s  w h ic h  t h e y  e x c e e d  t h e  S t a n d a r d  
E r r o r .  I n  t h i s  ty p e  o f  w ork i t  i s  u s u a l l y  a g r e e d  t h a t  
tw ic e  t h e  S t a n d a r d  E r r o r  g i v e s  a  s u f f i c i e n t l y  h i g h  p r o ­
b a b i l i t y  t h a t  t h e  d i f f e r e n c e s  a r e  s i g n i f i c a n t  and  due 
t o  t r e a t m e n t s  r a t h e r  t h a n  c h a n c e .
S .E .  = 4 .1 #
2  3 .E .  -  8 . 2 # .
(4  L . R . y i e l d )  -  ( c o n t r o l  y i e l d )  -  9 9 .0 #  -  8 7 .5 #  -  1 1 .5 #
(1 L .R .  y i e l d )  -  ( c o n t r o l  y i e l d )  ■ 1 0 1 .4 #  -  8 7 . 5 #  •  1 3 .9 #
(2 L . R . y i e l d )  -  ( c o n t r o l  y i e l d )  -  1 1 1 .9 #  -  8 7 .5 #  -  2 4 .4 #
(1 L . R . y i e l d )  -  ( i  L .R .  y i e l d )  -  1 0 1 .4 #  -  9 9 . 0 #  -  2 . 4 #
( 2 L . R . y i e l d )  -  ( J  L .R .  y i e l d )  — 1 1 1 .9 #  -  9 9 . 0 #  -  1 2 .9 #
(2 L .R .  y i e l d ) -  (1  L .R .  y i e l d )  -  1 1 1 .9 #  - 1 0 1 . 4 #  -  1 0 .5 # .
I t  w i l l  b e  s e e n  t h a t  a l l  t h o s e  d i f f e r e n c e s  w i t h  
t h e  e x c e p t i o n  o f  t h a t  b e tw e e n  t h e  y i e l d s  f ro m  t h e  l im e
177-
r e q u i r e m e n t .  r a t e  and t h e  h a l f  l im e  r e q u i r e m e n t  r a t e  
a r e  s i g n i f i c a n t .
DISCUSSION o f  RESULTS o f  LATIN SQUARE EXPERIMENT.
S o i l  s u r v e y s  i n  t h e  p a s t  h av e  g e n e r a l l y  b e e n  
c o n d u c te d  on t h e  " e x t e n s i v e "  r a t h e r  t h a n  t h e  " i n t e n s i v e "  
p r i n c i p l e  w i t h  t h e  r e s u l t  t h a t  e a c h  s o i l  s a m p le  h a s  had  
p e r f o r c e  t o  b e  t a k e n  a s  r e p r e s e n t a t i v e  o f  a  f a i r l y  w id e  
a r e a .  Even i n  t h e  c a s e  o f  t h e  more d e t a i l e d  s u r v e y s  
w here  e a c h  sa m p le  i s  made u p  o f  s u b - s a m p le s  t a k e n  a t  
i n t e r v a l s  o f  a few h u n d re d  y a r d s  t h e r e  r e m a in s  f a i r l y  
e x t e n s i v e  a r e a s  w hose r e a c t i o n  ( o r  c o m p o s i t i o n )  h a s  t o  
be  assum ed a s  t h a t  o f  some sa m p le  t a k e n  a t  a d i s t a n c e .
Now t h e  p r e s e n t  s t u d y  o f  a  s m a l l  a r e a  -  0 . 4  a c r e  -  o f  
a p p a r e n t l y  u n i fo r m  s o i l ,  w h ic h  i n  more " e x t e n s i v e "  w ork  
m ig h t  w e l l  h a v e  b e e n  r e p r e s e n t e d  b y  one s a m p le ,  showed 
t h a t  c o n s i d e r a b l e  v a r i a t i o n s  o c c u r r e d  w i t h i n  d i s t a n c e s  
o f  a  few y a r d s .  The pH v a l u e s  o f  t h e  s a m p le s  b u l k e d  
f ro m  c o r e s  t a k e n  a t  y a r d  i n t e r v a l s  f ro m  t h e  s i x t e e n  
1 /4 0  a c r e  p l o t s  showed a  r a n g e  o f  f ro m  4 .6 2  to  5 . 5 9 ,  
w h i l e  t h e  l im e  r e q u i r e m e n t s  r a n g e d  f ro m  .2 4 8  t o  .3 0 0  
p e r  c e n t  c a l c iu m  c a r b o n a t e .  F u r t h e r ,  s u c h  v a l u e s  a s  
pH 4 .9 0  and 5 . 5 9 ,  ( P l o t s  15 and 12) and l im e  r e q u i r e m e n t s  
.2 4 8  and .2 9 0  ( P l o t s  10 and  1 1 )  w ere  o b t a i n e d  f ro m  c o n ­
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t i g u o u s  p l o t s .  T h ese  f i g u r e s  a r e  o f  t h e  same o r d e r  a s  
i s  commonly fo u n d  f o r  and t a k e n  a s  r e p r e s e n t a t i v e  o f  
w hole  f i e l d s  w h ic h  may n o t  e v e n  b e  a d j a c e n t .  W h ile  i t  
may n o t  a p p e a r  t h a t  t h e  a c t u a l  f i g u r e s  .2 4 8  and  .2 9 0  
p e r  c e n t  c a l c iu m  c a r b o n a t e  show a  v e r y  s t r i k i n g  d i f f e r ­
e n ce  i n  th e m s e lv e s  i t  h a s  t o  b e  rem em bered  t h a t  s u c h  
d e t e r m i n a t i o n s  a r e  f r e q u e n t l y  made n o t  o n l y  f o r  t h e i r  
acad em ic  i n t e r e s t  b u t  t o  s u p p ly  i n f o r m a t i o n  t o  t h e  
p r a c t i c a l  a g r i c u l t u r i s t  on  t h e  t r e a t m e n t  w h ic h  h i s  s o i l  
s h o u ld  r e c e i v e .  I n  te rm s  o f  l im e  p e r  a c r e  t h e  d i f f e r e n c e  
b e tw e e n  t h e s e  two f i g u r e s  r e p r e s e n t s  f u l l y  h a l f  a  t o n .
I t  seem s f ro m  t h e  above  c o n s i d e r a t i o n s  t h a t  a  
s i n g l e  d e t e r m i n a t i o n  f o r  a  w ho le  f i e l d  -  e v e n  when t h e  
s o i l  sam p le  i s  made u p  o f  s c a t t e r e d  c o r e s  -  w h i l e  n o t  
e n t i r e l y  v a l u e l e s s  m ust b e  lo o k e d  u p o n  a s  a  f a i r l y  w id e  
a p p r o x i m a t i o n  and when u s e d  a s  t h e  b a s i s  o f  p r a c t i c a l  
re c o m m e n d a t io n s  i t  s h o u ld  b e  r e c o g n i s e d  c l e a r l y  t h a t  
p a r t s  o f  t h e  f i e l d  may r e q u i r e  h a l f  a  t o n  p e r  a c r e  m ore  
t h a n  t h e  t e s t  i n d i c a t e s .
S in c e  pH v a l u e s  a r e  much m ore e a s i l y  d e t e r m in e d  
t h a t  l im e  r e q u i r e m e n t s  i t  i s  u n f o r t u n a t e  t h a t  no s im p le  
m e th o d  h a s  y e t  b e e n  d e v i s e d  o f  i n t e r p r e t i n g  a pH r e a d i n g  
i n t o  t o n s  o f  l im e  p e r  a c r e .  A t t e m p ts  t o  do t h i s  ( 6 ) (2 4 )
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(3 9 )  (4 9 )  h av e  b e e n  m ade, th o u g h  i t  i s  f e a r e d  w i t h o u t  
much s u c c e s s .  Nor i s  t h i s  a l t o g e t h e r  t o  b e  w o n d e red  
a t  i f  an  i n t e r p r e t a t i o n  w h ic h  w ould s a t i s f y  c h e m ic a l  
a c c u r a c y  i s  s o u g h t ,  f o r  t h e  pH v a l u e  i s  a  m e a s u re  o f  
t h e  h y d r o g e n - i o n  d i s s o c i a t i o n  w h e re a s  l im e  r e q u i r e m e n t s  
a s  u n d e r s t o o d  a t  p r e s e n t  a r e  m e a s u re s  o f  b a s e  a b s o r p t i o n  
u n d e r  s p e c i f i c  c o n d i t i o n s ,  and t h e r e  i s  n o t  n e c e s s a r i l y  
any  f i x e d  r e l a t i o n s h i p .
P u re  t h e o r y  w ould  l e a d  one t o  e x p e c t  t h i s  
and i n  p r a c t i c e  i t  h a s  b e e n  p ro v e d  f o r  s o i l s  o f  d i f f e r e n t  
t y p e s  b u t  i n  t h e  s m a l l  a r e a  w i t h  w h ic h  we a r e  d e a l i n g  one  
m ig h t  e x p e c t  t h a t  t h e  i n h e r e n t  p r o p e r t i e s  o f  t h e  s o i l  
w ould  d i f f e r  so  l i t t l e  f ro m  p l a c e  t o  p l a c e  t h a t  a  p a r a l l ­
e l i s m  w ould  e x i s t .  Such how ever  was n o t  fo u n d  t o  b e  t h e  
c a s e .  Thus f o r  exam p le  P l o t s  (1 2 )  (9 )  (3 )  an d  (1 4 )  
sh o w in g  l im e  r e q u i r e m e n t s  o f  .2 7 8 ,  .2 7 8 ,  . 2 7 7 ,  .2 7 6  h ad  
c o r r e s p o n d i n g  pH v a l u e s  o f  5 .5 9 ,  4 . 7 0 ,  5 . 2 3 ,  4 . 7 5  (G rap h  
7 ) .  The h o p e  t h e r e f o r e  o f  u s i n g  pH v a l u e s  t o  i n d i c a t e  
l im e  r e q u i r e m e n t s  e v e n  on  s o i l s  o f  t h e  same ty p e  seems 
m ore r e m o te  t h a n  e v e r .
W h ile  a  c o n s i d e r a b l e  amount o f  w ork  h a s  b e e n  
d o n e  o f  l a t e  y e a r s  i n  t h e  s t u d y  o f  s o i l  phenom ena i t  h a s  
b e e n  i n  t h e  m a in  c o n f i n e d  t o  t h e  g e o - c h e m ic a l  a s p e c t s .  
T h i s  i s  h a r d l y  s u r p r i s i n g  i n  v iew  o f  t h e  c o m p l e x i t y  o f
-1 8 0 -
o f  s o i l  p ro b le m s  and  th e  d i f f i c u l t y  o f  e x p l a i n i n g  
s a t i s f a c t o r i l y  a l l  t h e  o b s e rv e d  f a c t s .  Even  i n  t h e  
c a s e  o f  s o i l  a c i d i t y ,  w h ic h  i s  o n ly  one  p o i n t  among 
many, t h e r e  i s  s t i l l  v a s t  s c o p e  f o r  e x t e n s i o n  o f  know­
l e d g e ,  a l t h o u g h  t h e  t h e o r i e s  now c u r r e n t  seem  much m ore 
f i r m l y  b a s e d  th a n  f o r m e r l y .
A t te m p ts  t o  l i n k  u p  t h e  i n f o r m a t i o n  w h ic h  s o i l  
s c i e n c e  i n  i t s  more r e s t r i c t e d  s e n s e  h a s  made a v a i l a b l e ,  
w i t h  t h e  r e s p o n s e s  o f  p l a n t s  t o  t h e  v a r y i n g  s o i l  c o n d i ­
t i o n s  h a v e  u s u a l l y  b e e n  o f  a  more o r  l e s s  g e n e r a l i s e d  
n a t u r e .  I t  i s  t o  be  e x p e c t e d  t h a t  s p e c i e s  o f  d i f f e r e n t  
n a t u r a l  o r d e r s  w i l l  show g r e a t e r  r e s p o n s i v e  d i f f e r e n c e s  
t h a n  s p e c i e s  w i t h i n  t h e  same o r d e r ,  and the  tendency i s  t o  
w ork on m a t e r i a l  w h ic h  w i l l  d i s p l a y  d i s t i n c t i v e  d i f f e r ­
e n c e s .  The a b i l i t y  t o  p l a c e  s a y  B e ta  m a r i t i m a ,  B r a s s i c a  
n a p i s  and  D a c t y l i s  g l o m e r a ta  i n  o r d e r  o f  r e s p o n s e  t o  s o i l  
a c i d i t y  o r  c o n v e r s e l y  t o  l i m i n g ,  w h i l e  u s e f u l  f o r  some 
p u r p o s e s  i s  o f  l i t t l e  im p o r ta n c e  i n  t h e  c o n s i d e r a t i o n  
o f  p u r e l y  p a s t u r e  p ro b le m s  w here  t h e  v a s t  m a j o r i t y  o f  
t h e  p l a n t s  b e l o n g  t o  t h e  one n a t u r a l  o r d e r .
Any c o m p e te n t  o b s e r v e r  w i l l  n o t e  i n  p a s s i n g  
o v e r  a n  o ld  p a s t u r e  t h a t  i r r e g u l a r i t i e s  i n  c o l o n i s a t i o n  
o c c u r .  A s m a l l  p a t c h  c o n s i s t i n g  a lm o s t  e n t i r e l y  o f  
L o l iu m  p e r e n n e  and  C y n o su ru s  c r i s t a t u s  w i l l  b e  s e e n
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h e r e ,  A g r o s t i s  t h e r e ,  Poa and L o l iu m  y o n d e r  and so  o n .
On t h e  o t h e r  hand  i f  a  p a s t u r e  h a s  b e e n  r e c e n t l y  s e e d e d  
and  t h e  s e e d s  s a t i s f a c t o r i l y  m ixed  and sown t h e r e  i s  
much g r e a t e r  u n i f o r m i t y .  The n a t u r a l l y  s e l e c t i v e  f o r c e s  
o f  s o i l  c o n d i t i o n s  h av e  n o t  had  t im e  t o  b e  f u l l y  e f f e c t i v e .  
I t  i s  c e r t a i n  t h a t  some s o i l s  a r e  much more s e l e c t i v e l y  
d i s c r i m i n a t i v e  t h a n  o t h e r s  and th o u g h  d a t a  a r e  n o t  a v a i l ­
a b l e  w i t h  w h ich  t o  com pare t h o s e  p r e s e n t e d  h e r e ,  one 
c a n n o t  b u t  b e  im p re s s e d  b y  t h e  v a r i a t i o n s  fo u n d  f ro m  
p l a c e  t o  p l a c e  o v e r  a  s m a l l  a r e a  w h ic h  t o  t h e  e y e  was 
o u t s t a n d i n g l y  u n i f o r m  f o r  a  p a s t u r e  w h ic h  h a d  b e e n  down 
so  lo n g .  F o r  t h e  e i g h t  p r i n c i p a l  s p e c i e s  t h e  f o l l o w i n g  
p e r c e n t a g e  r a n g e s  w ere  fo u n d
L . p e r e n n e 1  - 1 8 .
D a c t y l i s  g l o m e r a ta 7 - 1 6 .
Phleum  p r a t e n s e 0  - 1 0 .
F e s t u c a  p r a t e n s i s 2  - 1 2 .
C y n o su ru s  c r i s t a t u s 6  - 1 6 .
Poa t r i v i a l i s 1 1  - 2 7 .
A g r o s t i s  v u l g a r i s 8  - 3 2 .
H o lc u s  l a n a t u s 1 1  - 2 5 .
W h ile  i t  i s  n o t  c la im e d  t h a t  s o i l  a c i d i t y  o r  
t h e  l im e  c o n t e n t ,  i s  l i k e l y  to  be  w h o l ly  r e s p o n s i b l e  
f o r ,  o r  i n  c e r t a i n  c a s e s  e v e n  t h e  d o m in a n t  f a c t o r  d e t e r ­
m in in g  t h e  n a t u r e  o f  t h e  com m unity , i t  was t h o u g h t  p r o b ­
a b l e  t h a t  t h e  s o i l  r e a c t i o n  a s  i n d i c a t e d  b y  e i t h e r  t h e
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pH o r  t h e  l im e  r e q u i r e m e n t  v a l u e s  m ig h t  h a v e  some 
d e m o n s t r a b l e  i n f l u e n c e  i n  e n c o u r a g i n g  o r  d e p r e s s i n g  
c e r t a i n  s p e c i e s .
S in c e  f ro m  t h e  n a t u r e  o f  th e  e x p e r im e n t  t h e r e  
w ere  o n l y  s i x t e e n  p e r c e n t a g e  v a l u e s  f o r  e a c h  s p e c i e s  
w i t h  t h e  c o r r e s p o n d i n g  l im e  r e q u i r e m e n t s  and  pH v a l u e s  
i t  was n o t  j u s t i f i a b l e  t o  a p p ly  t h e  s t a t i s t i c a l  d e v i c e  
o f  e x p r e s s i n g  t h e  d e g re e  o f  r e l a t i o n s h i p  b y  a c o - e f f i c ­
i e n t  o f  c o r r e l a t i o n .  A g r a p h i c a l  m ethod  was t h e r e f o r e  
a d o p te d  w h ic h  th o u g h  l e s s  c o n c l u s i v e  and d e f i n i t e  
m a t h e m a t i c a l l y ,  d o e s  n e v e r t h e l e s s  show w here  c l e a r  
r e l a t i o n s h i p s  do  o r  do n o t  e x i s t .
No i n d i s p u t a b l e  e v id e n c e  o f  c o r r e l a t i o n  b e tw e e n  
t h e  p e r c e n t a g e  o f  any  s p e c i e s  and t h e  l im e  r e q u i r e m e n t  
was f o u n d .  T h e re  i s  j u s t  a  h i n t  h o w ev er  t h a t  t h e r e  may 
b e  some c o n n e c t i o n  b e tw e e n  t h e  p e r c e n t a g e s  o f  Phleum  
p r a t e n s e  and F e s t u c a  p r a t e n s i s  and t h e  l im e  r e q u i r e m e n t  
b u t  t h e  d a t a  a r e  n o t  s u f f i c i e n t  t o  c o n f i r m  i t  o r  o t h e r ­
w i s e .
I n  so  f a r  a s  a  p o s i t i v e  r e s u l t  t e n d s  t o  b e  more 
s p e c t a c u l a r  t h a n  a n e g a t i v e  o n e ,  t h e  i n t e r e s t  i n c r e a s e s  
when a  r e l a t i o n s h i p  i s  s o u g h t  b e tw e e n  t h e  pH v a l u e s  and  
t h e  p e r c e n t a g e s  o f  t h e  s p e c i e s .  I n  t h e  c a s e  o f  L o l iu m  
p e r e n n e ,  i n  s p i t e  o f  some s m a l l  i r r e g u l a r i t i e s ,  we f i n d
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a r e m a r k a b ly  c l o s e  a g re e m e n t  b e tw e e n  t h e  p e r c e n t a g e  
w h ic h  i t  c o n t r i b u t e s  t o  t h e  t o t a l  h e r b a g e  and t h e  pH 
v a l u e  o f  t h e  s o i l  (G rap h  1 1 ) .  As th e  pH v a lu e  f a l l s  so 
d o e s  th e  p e r c e n t a g e  o f  L o l iu m .  I n  o t h e r  w o rd s  t h i s  g r a s s  
i s  a p p a r e n t l y  much more s e n s i t i v e  t o  d i f f e r e n c e s  i n  t h e  
h y d r o g e n - i o n  c o n c e n t r a t i o n  o f  t h e  s o i l  t h a n  h a s  h i t h e r t o  
b e e n  s u s p e c t e d  -  d e c r e a s i n g  a s  t h e  a c i d i t y  r i s e s .  From 
a  pH o f  4 .7 5  t h e  am ounts  a r e  q u i t e  i n c o n s i d e r a b l e .  I t  
i s  n o t e w o r th y  a l s o  t h a t  w i t h  th e  e x c e p t i o n  o f  A g r o s t i s ,
L o l iu m  shows o v e r  t h e  a r e a  a g r e a t e r  r a n g e  ( 1 ^ -1 8 $ )  t h a n
any  o t h e r  s p e c i e s ,  w h ic h  may b e  t a k e n  a s  f u r t h e r  e v id e n c e  
o f  i t s  s e n s i t i v e n e s s  t o  e n v i r o n m e n ta l  c o n d i t i o n s .
D a c t y l i s  g lo m e r a ta  and  C y n o su ru s  c r i s t a t u s ,
on t h e  o t h e r  h a n d ,  w h i l e  h a v i n g  a  r a n g e  o f  o n l y  h a l f
t h a t  o f  L o l iu m ,  show a  d e c i d e d  t r e n d  i n  t h e  o t h e r  d i r e c ­
t i o n  -  i n c r e a s i n g  s t e a d i l y  w i t h  a r i s e  i n  a c i d i t y .  T h is  
i s  a p a r t i c u l a r l y  i n t e r e s t i n g  f i n d i n g  s i n c e  u n d e r  o t h e r  
c i r c u m s t a n c e s  D a c t y l i s  and C y n o su ru s  h av e  b e e n  shown t o  
b e n e f i t  f ro m  l i m i n g .  I n  t h e s e  c a s e s  h o w ev e r  c o m p e t i t i o n  
f ro m  L o l iu m  p e r e n n e  was a b s e n t ,  d u e  e i t h e r  t o  i t s  n o t  
h a v i n g  b e e n  sown o r  t o  t h e  a c i d i t y  o f  t h e  s o i l  h a v e  b e e n  
s u c h  a s  t o  e l i m i n a t e  i t  b e f o r e  l i m i n g  to o k  p l a c e .  Thus 
t h e r e  i s  r e a l l y  no i n c o m p a t i b i l i t y  i n  f i n d i n g  a n  i n c r e a s e d
-1 8 4
p e r c e n t a g e  o f  D a c t y l i s  and C y n o su ru s  w i t h  g r e a t e r  a c i d ­
i t y  h e r e ,  and f i n d i n g  t h e s e  g r a s s e s  t o  r e s p o n d  t o  l i m i n g  
w here  c o m p e t i t i v e  c o n d i t i o n s  a r e  d i f f e r e n t .
As t o  t h e  o t h e r  p r i n c i p a l  s p e c i e s  no r e l a t i o n ­
s h i p  b e tw e e n  t h e i r  am ounts  and th e  pH v a l u e s  c o u ld  b e  
t r a c e d .  Poa t r i v i a l i s ,  A g r o s t i s  v u l g a r i s  and H o lc u s  
l a n a t u s  a l l  show c o n s i d e r a b l e  f l u c t u a t i o n s  f ro m  p l o t  
t o  p l o t ,  and  a p p a r e n t l y  t h e y  a re  more i n f l u e n c e d  b y  
f a c t o r s  beyond  t h e  s c o p e  o f  t h i s  e n q u i r y  t h a n  b y  s u c h  
d i f f e r e n c e s  i n  a c i d i t y  a s  t h e s e  p l o t s  p o s s e s s .  F e s t u c a  
p r a t e n s i s  and Phleum  p r a t e n s e  (G raph  1 2 )  w h i l e  n o t  d i s ­
p l a y i n g  any  m ore c o r r e s p o n d e n c e  w i t h  t h e  a c i d i t y  t h a n  
t h e  o t h e r s  show a  m arked  p a r a l l e l i s m  w i t h  e a c h  o t h e r .  
F e s t u c a  i s  a lw a y s  p r e s e n t  i n  s l i g h t l y  g r e a t e r  am ount 
t h a n  Phelum  b u t  t h e  r e s p e c t i v e  p e r c e n t a g e s  r i s e  an d  
f a l l  t o g e t h e r  w i t h  g r e a t  r e g u l a r i t y  i n d i c a t i n g  t h a t  t h e  
same f a c t o r s  i n f l u e n c e  t h e s e  two i n  t h e  same way th o u g h  
Phleum  r e m a in s  a t  a l c w e r  l e v e l .
I t  may b e  n o t e d  f ro m  G raphs  (1 2 )  and  (1 3 )  t h a t  
Poa t r i v i a l i s  and A g r o s t i s  v u l g a r i s  show on  many p l o t s  
i n v e r s e  f l u c t u a t i o n s .  To make t h i s  c l e a r e r  G raph  (1 4 )  
shows t h e  p e r c e n t a g e s  o f  A g r o s t i s  i n  d e s c e n d i n g  o r d e r ,  
w i t h  t h e  c o r r e s p o n d i n g  p e r c e n t a g e s  o f  P o a .  ^o f a r  a s  
t h e s e  p l o t s  a r e  c o n c e r n e d  t h e r e  o b v i o u s l y  i s  a t e n d e n c y
Q j
•s-is.
<5in
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f o r  Poa t o  I n c r e a s e  a s  A g r o s t i s  d e c r e a s e s .  Such a 
r e l a t i o n s h i p  a p p a r e n t l y  h a s  n o t  b e e n  p r e v i o u s l y  n o t e d  
b u t  s h o u ld  i t  p ro v e  t o  be  o f  r e g u l a r  o c c u r r e n c e  i t  i s  
p r o b a b l e  t h a t  i t  d e p e n d s  on th e  r e a d i l y  a v a i l a b l e  s u p p l y  
o f  some fo o d  e l e m e n t .
I t  i s  g e n e r a l l y  a g r e e d  t h a t  w here  l a n d  shows 
s i g n s  o f  a c i d i t y  t h e  y i e l d s  w i l l  b e  i n c r e a s e d  b y  l i m i n g .  
B u t l i m i n g  i s  r e g a r d e d  i n  l a r g e  m e a s u re  (and  r i g h t l y  so  
i n  many c a s e s )  a s  a  n e c e s s a r y  f o r e r u n n e r  to  t h e  f u l l e s t  
r e t u r n s  b e i n g  o b t a i n e d  f ro m  a r t i f i c i a l  f e r t i l i s e r s ,  
w i t h o u t  a  v e r y  d e f i n i t e  i d e a  o f  w h a t  r e t u r n  m ig h t  b e  
f o r t h c o m i n g  f ro m  l im e  p e r  s e .  M o reo v e r  th e  am ount o f  
l im e  w h ic h  may b e  e c o n o m ic a l ly  a p p l i e d  -  a s  d i s t i n c t  
f ro m  t h a t  i n d i c a t e d  b y  c h e m ic a l  t e s t s  -  i s  n o t  know n.
Even i n  t im e s  o f  f i n a n c i a l  s t r i n g e n c y  a  f a r m e r  w i l l  s t r i v e  
t o  a p p l y  t o  h i s  c r o p s  t h e  o r th o d o x  am ounts  o f  a r t i f i c i a l  
m a n u r e s .  T h e re  i s  how ev er  no o r th o d o x  am ount o f  l i m e ,  
and w h i l e  2  t o n s  p e r  a c r e  ( a p p r o x i m a t e l y  • 2 #  o f  w e ig h t  
o f  s o i l )  i s  th e  am ount commonly r e g a r d e d  a s  ” a  good 
a v e r a g e ” d r e s s i n g  t h e r e  i s  no c o m p u n c t io n  i n  r e d u c i n g  
t h i s  v e r y  c o n s i d e r a b l y  i n  t h e  c a u s e  o f  "econom y” .
On oJ.d p a s t u r e  p l o t s  w i t h  an  a v e r a g e  l im e  
r e q u i r e m e n t  o f  .2 6 9 #  c a l c i u m  c a r b o n a t e ,  a p p l i c a t i o n s  
a t  t h e  r a t e s  o f  .1 3 4 # ,  .2 6 9 #  and .5 3 8 #  w ere  m ade. A l l
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o f  t h e s e  gave  c o n s i d e r a b l y  i n c r e a s e d  y i e l d s  o v e r  t h a t  
f ro m  no t r e a t m e n t .  As p e r c e n t a g e s  o f  t h e  mean y i e l d  
t h e y  w ere  1 1 . 5 ,  1 3 .9  and 2 4 .4  r e s p e c t i v e l y ,  w i t h  a 
S t a n d a r d  E r r o r  o f  4 . 1 # ,  sh o w in g  t h a t  t h e s e  i n c r e a s e s  
a r e  s i g n i f i c a n t .  A s i g n i f i c a n t  d i f f e r e n c e  ( 1 0 .5 # )  was 
a l s o  o b t a i n e d  b e tw e e n  t h e  .2 6 9 #  and  .5 3 8 #  t r e a t m e n t s  
b u t  t h e  d i f f e r e n c e  was o n ly  2 .4 #  b e tw e e n  t h e  .1 3 4 #  and  
.2 6 9 #  r a t e s ,  w h ic h  i s  to o  s m a l l  t o  b e  r e l i a b l e .
I t  a p p e a r s  t h e n  f ro m  t h e s e  r e s u l t s  t h a t  i f  a  
l im e  r e q u i r e m e n t  o f  f ro m  . 2 ^ t o  .3 #  i s  e v i n c e d ,  one may 
b e  q u i t e  c o n f i d e n t  o f  g e t t i n g  a  c o n s i d e r a b l y  i n c r e a s e d  
y i e l d  from  o l d  p a s t u r e  b y  t h e  a p p l i c a t i o n  o f  a n y t h i n g  
o v e r  .1 #  o f  c a l c iu m  c a r b o n a t e .  I f  h o w ev er  one i s  l o o k i n g  
t o  l im e  a l o n e  f o r  Im m e d ia te  r e s u l t s  t h e  c h o i c e  l i e s  
b e tw e e n  s m a l l  d r e s s i n g s  o f  a b o u t  . 1 #  and  h e a v y  d r e s s i n g s  
o f  a b o u t  . 5 # .
1 8 7 -
SUMMARY and CONCLUSIONS 
INTRODUCTION
The p r a c t i c e  o f  u s i n g  s u b s t a n c e s  c o n t a i n i n g  
c a l c iu m  a s  s o i l  a m e l i o r a t i v e s  i s  t r a c e d  f ro m  e a r l y  t im e s  
t o  t h e  p r e s e n t .  I t  i s  shown t h a t  v e r y  l a r g e  am ounts  o f  
l im e  came t o  b e  a p p l i e d  b u t  t h a t  f o l l o w i n g  t h e  i n t r o ­
d u c t i o n  o f  a r t i f i c i a l  f e r t i l i s e r s  t h e  am oun ts  w ere  
r e d u c e d  and  a s  a  r e s u l t  o f  t h e  W ar, l i m i n g  c e a s e d  and 
i s  b e i n g  re su m e d  b u t  s l o w l y .  C o n s e q u e n t ly  t h e  a c i d i t y  
o f  much a g r i c u l t u r a l  l a n d  h a s  i n c r e a s e d .
The im p o r t a n c e  o f  p a s t u r e  a s  a  s o u r c e  o f  fo o d  
i s  n o t e d ,  and how a  d e f i c i e n c y  o f  l im e  r e d u c e s  i t s  v a lu e  
a s  a  w h o le .  R e s p o n s e s  w h ich  th e  com ponent s p e c i e s  and 
s t r a i n s  make t o  v a r i a t i o n s  i n  t h e  l im e  s t a t u s  n o t  b e i n g  
w e l l  known, I n v e s t i g a t i o n s  h a v e  b e e n  c a r r i e d  o u t  t o  
a s c e r t a i n  some o f  t h e s e .
POT EXPERIMENTS.
D e t a i l s  a r e  g iv e n  o f  t h r e e  s e r i e s  o f  p o t  
e x p e r im e n t s  w h e r e in  a num ber o f  g r a s s  s p e c i e s  and s t r a i n s  
w ere  grow n on  a c i d  s o i l s  t o  w h ic h  v a r y i n g  am ounts  o f  
c a l c i u m  c a r b o n a t e  b a s e d  on  t h e  H ardy  l im e  r e q u i r e m e n t s  
w ere  a d d e d .  The f o l l o w i n g  c o n c l u s i o n s  a r e  d raw n  -
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(1 )  The o f f i c i a l  p e r c e n t a g e  g e r m i n a t i o n  o f  g r a s s
s e e d s  i s  no g u id e  t o  t h e  num ber o f  s e e d l i n g s  w h ic h  w i l l
a p p e a r .
(2 )  The num ber o f  s u r v i v i n g  s e e d l i n g s  i s  i n f l u e n c e d
b y  t h e  l im e  s t a t u s  o f  t h e  s o i l .  T h is  num ber i s  u s u a l l y
i n c r e a s e d  b y  a d d in g  l im e  t o  a c i d  s o i l .
L o l iu m  p e r e n n e .
(3 )  The A y r s h i r e  s t r a i n  w h i l e  d e v e l o p i n g  70 t o  80 
s e e d l i n g s  p e r  1 0 0  v i a b l e  s e e d s  on  l i g h t  a c i d  s o i l s  may 
g iv e  o v e r  90 when t h e  s o i l  r e c e i v e s  i t s  l im e  r e q u i r e m e n t ,  
and  a lm o s t  e v e r y  v i a b l e  s e e d  may d e v e l o p  a  p l a n t  a t  f o u r  
t im e s  t h e  l im e  r e q u i r e m e n t .
(4 )  The K en t I n d ig e n o u s  s t r a i n  d e v e l o p s  50 t o  80 
s e e d l i n g s  p e r  1 0 0  v i a b l e  s e e d s  on  l i g h t  a c i d  s o i l :  80 
t o  90 a t  t h e  l im e  r e q u i r e m e n t  r a t e  b u t  n u m b ers  a r e  n o t  
r a i s e d  a t  f o u r  t im e s  t h e  l im e  r e q u i r e m e n t  r a t e .  On 
c l a y  lo a m , u p  t o  80#  o f  l im e  d o e s  n o t  a p p r e c i a b l y  a f f e c t  
t h e  n u m b e rs .
(5 )  A y r s h i r e  and K en t I n d ig e n o u s  s t r a i n s  on l i g h t  
a c i d  s o i l  t e n d  t o  t i l l e r  e a r l i e r  and p ro d u c e  a g r e a t e r  
num ber o f  t i l l e r s  w i t h  i n c r e a s e d  l im e  up  t o  f o u r  t i m e s  
t h e  l im e  r e q u i r e m e n t .
( 6 ) I n d e x e s  o f  g ro w th  show t h a t  t h e  A y r s h i r e  s t r a i n  
r e s p o n d s  m ore t h a n  t h e  K en t I n d ig e n o u s  t o  a d d i t i o n s  o f
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l im e  t o  a c id  s a n d y  s o i l :  on p e a t y  s o i l  t h e  p o s i t i o n  
i s  r e v e r s e d .
(7 )  A y r s h i r e  and K ent I n d ig e n o u s  s t r a i n s  p ro d u c e  
more t o t a l  g ro w th  and  a  g r e a t e r  num ber o f  t i l l e r s  on 
n e u t r a l  c l a y  loam  th a n  on a c i d  p e a t y  s o i l  r e c e i v i n g  
i t s  l im e  r e q u i r e m e n t ,  b u t  l e s s  g ro w th  and  f e w e r  t i l l e r s  
t h a n  on a c i d  s a n d y  s o i l  s i m i l a r l y  t r e a t e d .
( 8 ) K en t  I n d ig e n o u s  on n e u t r a l  c l a y  lo am  b e n e f i t s  
b y  i n c r e m e n t s  o f  l im e  up  t o  1 0 # b y  w e ig h t  o f  t h e  s o i l :  
a t  h i g h e r  r a t e s  g ro w th  i s  a r r e s t e d .
D a c t y l i s  g l o m e r a t a .
(9 )  D a n i s h ,  New Z e a la n d  and  W elsh  s t r a i n s  on  u n t r e a t e d  
a c i d  s o i l s  d e v e lo p  a s m a l l  num ber o f  s e e d l i n g s  p e r  1 0 0  
v i a b l e  s e e d s  -  46 t o  6 6 .
The r a n g e  r i s e s  when th e  l im e  r e q u i r e m e n t  i s  
g i v e n ,  -  6 8  t o  8 4 .
A t f o u r  t im e s  t h e  l im e  r e q u i r e m e n t  t h e  num ber 
o f  D a n i s h  s e e d l i n g s  on s a n d y  s o i l  i s  l e s s  t h a n  a t  t h e  
l im e  r e q u i r e m e n t :  on  p e a t y  s o i l  i t  i s  g r e a t e r .  The 
num ber o f  New Z e a la n d  s e e d l i n g s  f u r t h e r  i n c r e a s e s  on  
b o t h  s o i l s .  The numbefc o f  W elsh  s e e d l i n g s  i n c r e a s e s  on  
s a n d y  b u t  d e c r e a s e s  on p e a t y  s o i l .
The r a n g e  on n e u t r a l  c l a y  loam  i s  low -  54
t o  6 6 .
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The a v e r a g e s  f o r  a l l  s o i l s  and  t r e a t m e n t s  a r e  
fo u n d  t o  be  -  D a n is h  6 5 . 1 ,  New Z e a la n d  7 0 . 1 ,  W elsh  7 0 . 7 .
(1 0 )  T i l l e r i n g  commences e a r l i e r  o n  s a n d y  t h a n  on 
p e a t y  s o i l .
(1 1 )  The h i g h e r  th e  l im e  s t a t u s  (up  t o  f o u r  t i m e s
t h e  l im e  r e q u i r e m e n t )  t h e  e a r l i e r  d o e s  t i l l e r i n g  commence. 
T h is  l e a d s  t o  a  g r e a t e r  num ber o f  t i l l e r s  i n  au tu m n  on 
p e a t y  s o i l  b u t  n o t  on s a n d y  s o i l .
(1 2 )  O n ly  a  s l i g h t  i n c r e a s e  i n  t h e  num ber o f  t i l l e r s
i s  fo u n d  when a c i d  s a n d y  s o i l  r e c e i v e s  i t s  l im e  r e q u i r e m e n t  
On a c i d  p e a t y  s o i l ,  t i l l e r i n g  d o e s  n o t  t a k e  
p l a c e  ( d u r i n g  t h e  f i r s t  y e a r ) ,  b u t  i s  i n d u c e d  when t h e  
l im e  r e q u i r e m e n t  i s  g i v e n .
(1 3 )  The New Z e a la n d  and  W elsh  s t r a i n s  d e v e lo p  a 
g r e a t e r  num ber o f  t i l l e r s  on n e u t r a l  c l a y  loam  t h a n  on  
p e a t y  s o i l  r e c e i v i n g  i t s  l im e  r e q u i r e m e n t  a n d  a p p r o x i m a t e l y  
t h e  same num ber a s  on sandy s o i l .  The D a n i s h  s t r a i n  d e v e ­
l o p s  a  s m a l l e r  num ber on c l a y  loam  t h a n  on t h e  o t h e r  s o i l s .
(1 4 )  The W elsh  s t r a i n  on  p e a t y  s o i l  r e c e i v i n g  f o u r  
t im e s  i t s  l im e  r e q u i r e m e n t  g i v e s  t h e  g r e a t e s t  num ber o f  
t i l l e r s ,  o f  a l l  t h e  s t r a i n s ,  s o i l s  and t r e a t m e n t s  t e s t e d .
(1 5 )  I n d e x e s  o f  g ro w th  show t h a t  on  s a n d y  s o i l  t h e  
a d d i t i o n  o f  t h e  l i m e  r e q u i r e m e n t  h a s  no a p p r e c i a b l e  
e f f e c t  on  e i t h e r  t h e  D a n i s h  o r  New Z e a la n d  s t r a i n s  b u t  
i n c r e a s e s  th e  Welsh.* F o u r  t im e s  th e  l im e  r e q u i r e m e n t
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d e p r e s s e s  t h e  D a n i s h ,  I n c r e a s e s  t h e  New Z e a la n d  and  h a s  
no f u r t h e r  e f f e c t  on t h e  W e lsh .
On p e a t y  s o i l ,  t h e  l im e  r e q u i r e m e n t  c a u s e s  a  
m ark ed  i n c r e a s e  i n  e a c h  s t r a i n .  F o u r  t i m e s  t h e  l im e  
r e q u i r e m e n t  g i v e s  a f u r t h e r  i n c r e a s e  i n  e a c h .
(1 6 )  The a v e r a g e s  o f  i n d e x e s  o f  g ro w th  on sa n d y  s o i l  
show t h a t ,  o v e r  a l l ,  t h e  New Z e a la n d  g i v e s  t h e  g r e a t e s t  
g r o w th ,  t h a t  o f  t h e  W elsh  i s  o n ly  s l i g h t l y  l e s s  w h i l e  
t h e  D a n i s h  g i v e s  l e a s t .  On p e a t y  s o i l  t h e  a v e r a g e s  o f  
New Z e a la n d  and W elsh  s t r a i n s  a r e  e q u a l  and  s l i g h t l y  
g r e a t e r  t h a n  o f  D a n i s h .
(1 7 )  The in d e x  o f  g ro w th  f o r  t h e  D a n i s h  s t r a i n  on  
n e u t r a l  c l a y  loam i s  v e r y  lo w , f o r  th e  New Z e a la n d  and 
W elsh  i t  i s  a lm o s t  a s  h i g h  a s  on san d y  s o i l  a t  t h e  f o u r  
l im e  r e q u i r e m e n t  t r e a t m e n t  th o u g h  n o t  s o  h i g h  a s  on  t h e  
p e a t y  s o i l  a t  t h i s  t r e a t m e n t .
Phleum  p r a t e n s e .
(1 8 )  The num ber o f  s e e d l i n g s ,  a s  p e r c e n t a g e s  o f  
v i a b l e  s e e d s ,  p r o d u c e d  b y  S c o t c h  a n d  G l o r i a  s t r a i n s  i s  
h i g h ,  b y  t h e  W elsh  s t r a i n  i t  i s  lo w . The a v e r a g e s  f o r  
a l l  s b i l s  and  t r e a t m e n t s  a r e  fo u n d  to  b e ,  G l o r i a  8 8 . 9 ,  
S c o tc h  8 4 . 5 ,  W elsh  6 1 , 2 .
(1 9 )  S c o t c h ,  W elsh  and G l o r i a  s t r a i n s  show a  v e r y
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s m a l l  I n c r e a s e  i n  num bers  o f  s e e d l i n g s  when a c i d  s a n d y  
s o i l  i s  t r e a t e d  a t  e i t h e r  t h e  l im e  r e q u i r e m e n t  r a t e ,  
o r  f o u r  t im e s  t h a t  r a t e .  On p e a t y  s o i l  t h e  i n c r e a s e  i s  
much g r e a t e r  and  i s  c o n t i n u e d  w i t h  t h e  h i g h e r  r a t e  o f  
t r e a t m e n t .
(2 0 )  The G l o r i a  s t r a i n  g row s more r a p i d l y  and t h e  
W elsh  m ore s lo w ly  t h a n  t h e  S c o tc h .
(2 1 )  On a c i d  s a n d y  and  p e a t y  s o i l s  t h e  a d d i t i o n s  o f  
t h e  l im e  r e q u i r e m e n t  and f o u r  t im e s  t h e  l im e  r e q u i r e m e n t  
p ro m o te  a d d i t i o n a l  g ro w th  o f  a l l  t h r e e  s t r a i n s .
(2 2 )  On u n t r e a t e d  a c i d  p e a t y  s o i l  a l l  t h e  s e e d l i n g s  
o f  G l o r i a  and many o f  t h e  S c o tc h  and W elsh  s t r a i n s  d i e .
(2 3 )  The d a t e  a t  w h ich  i n f l o r e s c e n c e s  a r e  p r o d u c e d  
i s  i n f l u e n c e d  on s a n d y  s o i l  b y  t h e  l im e  s t a t u s .  On a l l  
s t r a i n s  c o n s i d e r e d ,  t h e y  a p p e a r  f i r s t  a t  t h e  f o u r  l im e  
r e q u i r e m e n t  r a t e  and f o u r  d a y s  l a t e r  a t  t h e  l im e  r e q u i r e ­
m en t r a t e .  The S c o tc h  and G l o r i a  f l o w e r  a t  a p p r o x i m a te ly  
t h e  same d a t e s ,  w i t h  t h e  W elsh  s e v e n  d a y s  l a t e r .
The S c o tc h  i s  t h e  o n ly  s t r a i n  p r o d u c i n g  i n f l o r ­
e s c e n c e s  ( i n  t h e  s e e d l i n g  y e a r )  on  u n t r e a t e d  a c i d  s a n d y  
s o i l  and n e u t r a l  c l a y  loam . T h ese  a p p e a r  s i x t e e n  d a y s  
l a t e r  t h a n  on  s a n d y  s o i l  r e c e i v i n g  th e  l im e  r e q u i r e m e n t .
(2 4 )  The S c o tc h  s t r a i n  d e v e l o p s  a g r e a t e r  num ber o f  
t i l l e r s  on  a c i d  s a n d y  s o i l  when t h e  l im e  r e q u i r e m e n t  i s
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g i v e n ;  a t  f o u r  t im e s  t h a t  amount t h e  num ber i s  n o t  
a p p r e c i a b l y  i n c r e a s e d .  The W elsh  s t r a i n  g i v e s  p r o g r e s s ­
i v e l y  g r e a t e r  num bers  a t  e a c h  t r e a t m e n t  w h i l e  t h e  G l o r i a  
i s  l i t t l e  i n f l u e n c e d .
On a c i d  p e a t y  s o i l  t h e  S c o tc h  and t h e  W elsh  
p ro d u c e  no t i l l e r s  i n  t h e  a b s e n c e  o f  l i m e ,  a  few  w here  
t h e  r e q u i r e m e n t  i s  g iv e n  b u t  no s u b s t a n t i a l  i n c r e a s e  a t  
f o u r  t im e s  t h e  r e q u i r e m e n t .  G l o r i a ,  on t h i s  s o i l  e i t h e r  
w i th  o r  w i t h o u t  l i m e ,  p r o d u c e s  no t i l l e r s .
(2 5 )  The W elsh  s t r a i n ,  w h i l e  h a v i n g  a g r e a t e r  i n h e r e n t  
t e n d e n c y  t o  t i l l e r  t h a n  t h e  o t h e r s ,  i s  m ore i n f l u e n c e d  b y  
l im e  and c a n  r e s p o n d  t o  l a r g e r  a m o u n ts .
(2 6 )  I n d e x e s  o f  g ro w th  show t h a t  b y  e a r l y  a u tu m n ,
on s a n d y  s o i l  u n t r e a t e d  and t r e a t e d  a t  t h e  l im e  r e q u i r e ­
m en t r a t e ,  t h e  S c o tc h  s t r a i n  h a s  made m ost g r o w th .  The 
i n c r e a s e  due  t o  t r e a t m e n t  i s  a l s o  g r e a t e s t  f o r  t h e  S c o t c h .  
The d i f f e r e n c e s  i n  i n d e x e s  o f  g ro w th  b e tw e e n  t r e a t m e n t  
and  no t r e a t m e n t  a r e ,  S c o tc h  . 8 4 ,  W elsh . 6 4 ,  G l o r i a  . 0 2 .
A t f o u r  t im e s  t h e  l im e  r e q u i r e m e n t  t h e  t o t a l  g ro w th  o f  
t h e  S c o tc h  was t h e  same a s  a t  no t r e a t m e n t .  The W elsh  
and G l o r i a  made a  f u r t h e r  s l i g h t  i n c r e a s e .
On p e a t y  s o i l  t h e  S c o tc h  g iv e s  t h e  g r e a t e s t  
g ro w th  a t  a l l  t r e a t m e n t s  and G l o r i a  t h e  l e a s t .  G row th  
b y  a l l  s t r a i n s  i s  g r e a t e r  on  n e u t r a l  c l a y  loam  t h a n  on
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p e a t y  s o i l  i r r e s p e c i t v e  o f  t h e  t r e a t m e n t  o f  t h e  l a t t e r .
I t  i s  g r e a t e s t  f o r  t h e  W elsh  and  l e a s t  f o r  t h e  G l o r i a  
s t r a i n ,  w h ic h  i s  v e r y  weak on t h e  c l a y  lo am .
A lo p e c u ru s  p r a t e n s l s .
(2 7 )  The num ber o f  s e e d l i n g s  a s  p e r c e n t a g e s  o f  v i a b l e  
s e e d s  sown i s  a lw a y s  s m a l l  f o r  t h i s  s p e c i e s :  i t  n e v e r  
e x c e e d s  6 3 .0  and may b e  a s  low a s  1 0 . 9 .  The num ber i s  
n o t  a p p r e c i a b l y  i n c r e a s e d  b y  a d d in g  l im e  t o  a c i d  s a n d y  
s o i l ,  b u t  on p e a t y  s o i l  c o n s i d e r a b l e  i n c r e a s e s  a r e  o b ­
t a i n e d  b o t h  by  a d d in g  th e  l im e  r e q u i r e m e n t  and f o u r  t im e s  
t h e  l im e  r e q u i r e m e n t .
On n e u t r a l  c l a y  loam  t h e  number i s  h i g h e r  t h a n  
on p e a t y  s o i l  a t  any  t r e a t m e n t  b u t  lo w e r  t h a n  on  s a n d y  
s o i l  a t  an y  t r e a t m e n t .
(2 8 )  On sa n d y  s o i l ,  added l im e  g i v e s  g r e a t e r  t i l l e r ­
i n g  and g r e a t e r  l e a f  l e n g t h ;  on p e a t y  s o i l  i t  p r e v e n t s  
some o f  t h e  p l a n t s ,  th o u g h  n o t  a l l ,  f ro m  d y i n g ,  b u t  d o e s  
n o t  i n d u c e  t i l l e r i n g .
POa t r i v i a l i s .
(2 9 )  The num ber o f  s e e d l i n g s  a s  p e r c e n t a g e s  o f  v i a b l e  
s e e d s  r a n g e s  o n l y  f ro m  7 6 .9  on u n t r e a t e d  a c i d ^ s o i l  t o  8 0 .2  
a t  f o u r  t im e s  t h e  l im e  r e q u i r e m e n t :  w h i l e  i t  r i s e s  f ro m  
4 . 4  on  u n t r e a t e d  p e a t y  s o i l  t o  6 1 .5  a t  t h e  l im e  r e q u i r e -
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men t  b u t  d o e s  n o t  r i s e  f u r t h e r  a t  f o u r  t i m e s  t h e  r e q u i r e ­
m e n t .  On n e u t r a l  c l a y  loam  i t  i s  7 2 . 5 .
(3 0 )  More t i l l e r s  a r e  p ro d u c e d  on  s a n d y  s o i l  r e c e i v i n g  
th e  l im e  r e q u i r e m e n t  th a n  when u n t r e a t e d .  F o u r  t i m e s
t h e  l im e  r e q u i r e m e n t  i n c r e a s e s  b o t h  num ber o f  t i l l e r s  
and  l e a f  l e n g t h .
On u n t r e a t e d  a c i d  p e a t y  s o i l  a l l  t h e  p l a n t s
d i e .  Some s u r v i v e  and t i l l e r i n g  t a k e s  p l a c e  when t h e
l im e  r e q u i r e m e n t  i s  g i v e n  and  t i l l e r i n g  i s  i n c r e a s e d  
w i t h  f o u r  t im e s  t h a t  am ount.
(31 )  G row th  i s  g r e a t e s t  on s a n d y  s o i l ,  l e a s t  on 
p e a t y  s o i l  and  i n t e r m e d i a t e  on c l a y  lo a m .
C y n o su ru s  c r l s t a t u s .
(3 2 )  On a c i d  s o i l ,  o f  h i g h  o r g a n i c  m a t t e r  c o n t e n t ,  
g ro w th  i s  h a s t e n e d  i n  t h e  e a r l y  s t a g e s  b y  l im e  a t  t h r e e  
t im e s  t h e  r e q u i r e m e n t  r a t e .
(3 3 )  The a d d i t i o n  o f  l im e  t o  a c i d  s o i l  i n d u c e s  
g ro w th  e a r l i e r  i n  s p r i n g .
A g r o s t i s  v u l g a r i s .
(3 4 )  On a c i d  s o i l  g ro w th  i s  m ore r a p i d  i n  t h e  s e e d l i n g  
s t a g e  when t h r e e  t i m e s  t h e  l im e  r e q u i r e m e n t  i s  g i v e n .
F e s t u c a  o v in a
(3 5 )  L im in g ,  a t  r a t e s  h i g h e r  t h a n  t h e  l im e  r e q u i r e -
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m en t,  r e t a r d s  s e e d l i n g  g ro w th  on  a c i d  s o i l  o f  h i g h  
o r g a n i c  m a t t e r  c o n t e n t .
(3 6 )  A t t h r e e  t im e s  th e  l im e  r e q u i r e m e n t  r a t e ,  
p l a n t s  s u r v i v e  t h e  w i n t e r  more s u c c e s s f u l l y  and commence 
g ro w th  e a r l i e r  i n  s p r i n g  t h a n  w h ere  t h e  s o i l  i s  u n t r e a t e d .
PLOT EXPERIMENT
To t e s t  t h e  e f f e c t  o f  i n c r e m e n t s  o f  c a l c i u m  
c a r b o n a t e  on a  loam  show ing  a  low l im e  r e q u i r e m e n t  ( H a r d y ) ,  
e i g h t  s p e c i e s  w ere  g row n on s m a l l  p l o t s .  O b s e r v a t i o n s  
w ere  made th r o u g h o u t  two y e a r s .  T h e r e a f t e r  c h e m ic a l  
d e t e r m i n a t i o n s  o f  t h e i r  c a l c iu m  an d  n i t r o g e n  c o n t e n t s  
w ere  m ade. The c o n c l u s i o n s  a r e  -
(3 7 )  G r a s s e s  o n ly  show f a i n t  r e s p o n s e s  t o  i n c r e m e n t s  
o f  c a l c i u m  c a r b o n a t e  up  t o  t h r e e  t im e s  t h e  l im e  r e q u i r e ­
m ent on  s o i l  w here  t h e  r e q u i r e m e n t  i s  s m a l l .
(3 8 )  On s u c h  s o i l  and u n d e r  su c h  t r e a t m e n t s  t h e  
c a l c iu m  and  n i t r o g e n  c o n t e n t s  show no r e g u l a r  t r e n d .
(3 9 )  Phleum  p r a t e n s e  on s o i l s  r e c e i v i n g  two o r  t h r e e  
t im e s  t h e  l im e  r e q u i r e m e n t  shows l e s s  w i n t e r  b u r n ,  g r e a t e r  
s u c c u l e n c e ,  g r e a t e r  l e a f  d e v e lo p m e n t ,  and h i g h e r  p e r c e n ­
t a g e s  o f  c a l c iu m  and n i t r o g e n  th a n  on  s o i l s  u n t r e a t e d
o r  r e c e i v i n g  t h e  l im e  r e q u i r e m e n t .
(4 0 )  Poa t r i v i a l i s  when two o r  t h r e e  t i m e s  t h e  l im e
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r e q u i r e m e n t  i s  g iv e n  commences g ro w th  e a r l i e r  i n  s p r i n g  
t h a n  when t h e  l im e  r e q u i r e m e n t  o r  no  t r e a t m e n t  i s  g i v e n .  
T h i s  s p e c i e s  d e v e l o p s  m ore t i l l e r s  w i t h  ad d ed  l i m e .
(4 1 )  F e s t u c a  o v in a  shows l e s s  w i n t e r  b u r n  w i t h  
a d d i t i o n s  o f  l im e  ( s e e  3 6 )  b u t  o t h e r w i s e  i s  n o t  v i s i b l y  
a f f e c t e d .
(4 2 )  O n ly  F e s t u c a  o v i n a ,  C y n o su ru s  c r i s t a t u s  a n d  
A g r o s t i s  v u l g a r i s  show th e  h i g h e s t  c a l c iu m  c o n t e n t  a t  
t h e  h i g h e s t  r a t e  o f  l i m i n g .
PASTURE EXPERIMENT.
R e s u l t s  o f  f i e l d  e x p e r im e n t s  e x t e n d i n g  o v e r  
f o u r  y e a r s  a r e  p r e s e n t e d .  P a s t u r e  p l o t s  on  a c i d  s o i l  
a t  t h r e e  c e n t r e s  r e c e i v e d  l im e  a t  two r a t e s  -  a  s t a n d a r d  
tw o - to n  r a t e  and t h e  l im e  r e q u i r e m e n t  ( H u tc h in s o n  and 
McLennan) r a t e .  pH and l im e  r e q u i r e m e n t  (H. & McL. an d  
H ard y )  v a l u e s  w ere  fo u n d  f o r  t h e  p l o t s  a t  t h e  commence­
m en t o f  t h e  e x p e r im e n t  and a f t e r  two and f o u r  y e a r s .
A t t h e  c o n c l u s i o n ,  b o t a n i c a l  a n a l y s e s  w ere  m ade. The 
f i n d i n g s  a r e  -
(4 3 )  The p e r c e n t a g e  o f  A g r o s t i s  i s  c o n s i d e r a b l y  
r e d u c e d  b y  b o t h  t r e a t m e n t s .  Som etim es t h e  l im e  r e q u i r e ­
m en t r a t e  i s  t h e  m ore e f f e c t i v e  and so m e tim e s  t h e  s t a n d ­
a r d  and  t h e  l im e  r e q u i r e m e n t  r a t e s  a r e  e q u a l l y  e f f e c t i v e .
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(4 4 )  The p e r c e n t a g e  o f  H o lc u s  i a  o n l y  s l i g j h t l y  
r e d u c e d  b y  e i t h e r  t r e a t m e n t .
(4 5 )  The p e r c e n t a g e  o f  A n th o x an th u m  i s  ao m te im es  
r e d u c e d  e q u a l l y  b y  b o t h  t r e a t m e n t s  a t  o t h e r s  t h e  s t a n d a r d  
r a t e  i s  t h e  more e f f e c t i v e .
(4 6 )  When F e s t u c a  o v in a  i s  o r i g i n a l l y  p r e s e n t  i n  
a p p r e c i a b l e  am oun t,  t h e  d i m i n i s h e d  a g g r e s s i o n  f ro m  
A g r o s t i s  and A n thoxan thum  t h r o u g h  l i m i n g ,  a l l o w s  i t  t o  
i n c r e a s e .  The i n c r e a s e  i s  g r e a t e r  a t  t h e  l im e  r e q u i r e m e n t  
t h a n  a t  t h e  s t a n d a r d  r a t e .
(4 7 )  Poa i s  fo u n d  t o  b e h a v e  i n  t h e  same way a s  
F e s t u c a  o v i n a .
(4 8 )  The p e r c e n t a g e  o f  C y n o su ru s  c r i s t a t u s  i s  i n ­
c r e a s e d  b y  l i m i n g .  When p r e s e n t  o r i g i n a l l y  i n  a p p r e c i a b l e  
am ount i t s  p e r c e n t a g e  i n c r e a s e s  p r o p o r t i o n a l l y  a s  t h e
sum o f  t h e  p e r c e n t a g e s  o f  A g r o s t i s ,  A n th o x an th u m  and  
H o lc u s  d e c r e a s e s .
( 4 9 ) D a c t y l i s  g lo m e r a ta  shows a  s l i g h t  t e n d e n c y  t o  
i n c r e a s e  w i t h  a d d i t i o n s  o f  l i m e .
(5 0 )  On s t r o n g l y  a c i d  s o i l s  t h e  l im e  r e q u i r e m e n t  
r a t e  g e n e r a l l y  e f f e c t s  g r e a t e r  c h a n g e s  i n  th e  c o m p o s i t i o n  
o f  t h e  h e r b a g e  t h a n  t h e  s t a n d a r d  r a t e  o f  l i m i n g .
(5 1 )  The r a t e  o f  l i m i n g  w h ich  e f f e c t s  t h e  g r e a t e s t  
f a l l  i n  t h e  l im e  r e q u i r e m e n t  (H. & McL) a l s o  e f f e c t s  t h e
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g r e a t e s t  ch an g e  i n  b o t a n i c a l  c o m p o s i t i o n .
(52 )  On t e s t i n g  t h e  a c i d  s o i l s  r e c e i v i n g  th e  l im e  
r e q u i r e m e n t  (H. & McL) and t h e  s t a n d a r d  r a t e s  o f  l i m i n g ,  
a f t e r  f o u r  y e a r s  i t  i s  f o u n d  t h a t  w here  one r a t e  h a s  
i n d u c e d  a g r e a t e r  f a l l  i n  t h e  H u tc h in s o n  an d  McLennan 
l i m e  r e q u i r e m e n t  t h a n  t h e  o t h e r ,  t h e n  t h a t  r a t e  h a s  
in d u c e d  a s m a l l e r  f a l l  i n  t h e  H ard y  l im e  r e q u i r e m e n t  
th a n  t h e  o t h e r .
(53 )  On some a c i d  s o i l s  t r e a t m e n t  a t  t h e  l i m e  r e q u i r e ­
m ent r a t e  (H. & McL) a lm o s t  e l i m i n a t e s  th e  r e q u i r e m e n t ;  
on o t h e r s  i t  r e d u c e s  t h e  r e q u i r e m e n t  b y  o n ly  a t h i r d .
FIELD SURVEY
An a r e a  o f  a p p r o x i m a te ly  t h r e e  s q u a r e  m i l e s  
was s u r v e y e d  b o t a n i c a l l y  i n  an  a t t e m p t  to  r e l a t e  th e  
p e r c e n t a g e s  of th e  p r i n c i p a l  s p e c i e s  w i th  a v a i l a b l e  
d a t a  on t h e  s o i l  r e a c t i o n s .  B o t a n i c a l  a n a l y s e s ,  s o i l  
d a t a  and  g r a p h s  co m b in in g  t h e s e  a r e  g i v e n .  The d e d u c ­
t i o n s  a r e  -
(5 4 )  The p e r c e n t a g e s  o f  th e  commoner h e r b a g e  s p e c i e s  
c a n n o t  be c o r r e l a t e d  w i t h  l im e  r e q u i r e m e n t s  t a k e n  a s  
r e p r e s e n t a t i v e  of s e v e r a l  a c r e s .
(55 )  The p e r c e n t a g e s  o f  th e  commoner h e r b a g e  s p e c i e s  
show e i t h e r  v e r y  f a i n t  c o r r e l a t i o n  o r  n one  w i t h  pH v a l u e s
-2 0 0 -
t a k e n  a s  r e p r e s e n t a t i v e  o f  s e v e r a l  a c r e s .
LATIN SQUARE EXPERIMENT
S t a t i s t i c a l  t e s t s  o f  s i g n i f i c a n c e  w ere  a p p l i e d  
t o  y i e l d s  o b t a i n e d  f ro m  o l d  p a s t u r e .  P l o t s  w ere  a r r a n g e d  
i n  t h e  fo rm  o f  a  4 x  4 " L a t i n  s q u a r e ” , f o u r  ( i n c l u d i n g  
c o n t r o l )  r a t e s  o f  l i m i n g  b e i n g  g i v e n .  I n  t h i s  e x p e r im e n t  
s o i l  and  b o t a n i c a l  r e a d i n g s  w ere  made i n  much d e t a i l .  
G raphs  show w here  t h e s e  w ere  r e l a t e d .  The c o n c l u s i o n s  
a r e  -
(5 6 )  A s m a l l  a r e a  ( 0 .4  a c r e s )  o f  a p p a r e n t l y  u n i f o r m  
s o i l  shows r a n g e s  o f  pH v a l u e s  f ro m  4 .6 2  t o  5 .5 9  and o f  
l im e  r e q u i r e m e n t s  (H ardy)  f ro m  0 .2 4 8  t o  0 .3 0 0  p e r  c e n t ,  
c a l c i u m  c a r b o n a t e ,  t h e r e f o r e  s i n g l e  v a l u e s  r e p r e s e n t i n g  
s e v e r a l  a c r e s  a r e  u n s a t i s f a c t o r y .
(5 7 )  Even i n  t h i s  s m a l l  a r e a  c o r r e l a t i o n  i s  n o t  f o u n d  
b e tw e e n  t h e  l im e  r e q u i r e m e n t  and pH v a l u e s .
(5 8 )  The p e r c e n t a g e  c o m p o s i t i o n  o f  p a s t u r e  v a r i e s  
c o n s i d e r a b l y  f ro m  p o i n t  to  p o i n t  w i t h i n  a  s m a l l  a r e a
w e n  when t h e  h e r b a g e  i s  a p p a r e n t l y  u n i f o r m .
(5 9 )  No c l e a r  e v i d e n c e  o f  c o r r e l a t i o n  b e tw e e n  t h e  
p e r c e n t a g e  o f  a n y  s p e c i e s  and  t h e  l im e  r e q u i r e m e n t  i s  
f o u n d .
(6 0 )  D e t e r m i n a t i o n s  b e i n g  made a t  s u f f i c i e n t l y  s m a l l
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i n t e r v a l s  t h e r e  i s  a  c l o s e  a g re e m e n t  b e tw e e n  t h e  p e r c e n ­
t a g e s  o f  L o l iu m  p e r e n n e  and t h e  pH v a l u e s ,  -  a s  t h e  
a c i d i t y  r i s e s  t h e  p e r c e n t a g e  o f  L o l iu m  f a l l s .
(6 1 )  As th e  p e r c e n t a g e  o f  L o l iu m  p e r e n n e  r i s e s ,  t h e  
p e r c e n t a g e s  o f  C y n o su ru s  c r i s t a t u s  and  D a c t y l i s  g lo m e r a ta  
f a l l .
(62 )  The p e r c e n t a g e s  o f  Poa t r i v i a l i s ,  A g r o s t i s  v u l ­
g a r i s ,  H o lc u s  l a n a t u s ,  F e s t u c a  p r a t e n s i s  and  Phleum  
p r a t e n s e ,  u n d e r  t h e  c o n d i t i o n s  o f  t h i s  e x p e r im e n t  a r e  
n o t  c o r r e l a t e d  w i t h  t h e  pH v a l u e s .
(6 3 )  The p e r c e n t a g e  o f  Poa t e n d s  to  i n c r e a s e  a s  
t h a t  o f  A g r o s t i s  d e c r e a s e s .
(6 4 )  The p e r c e n t a g e s  o f  F e s t u c a  p r a t e n s i s  and  Phleum  
p r a t e n s e  t e n d  to  r i s e  and f a l l  t o g e t h e r .
(6 5 )  Old p a s t u r e  p l o t s  o f  a v e ra g e  l im e  r e q u i r e m e n t  
0 .2 6 9  p e r  c e n t ,  c a l c i u m  c a r b o n a t e  h a v i n g  r e c e i v e d  h a l f  
t h e  l im e  r e q u i r e m e n t ,  t h e  l im e  r e q u i r e m e n t  and  tw i c e  
th e  l im e  r e q u i r e m e n t  a l l  show c o n s i d e r a b l e  i n c r e a s e s  i n  
y i e l d  o v e r  u n t r e a t e d  p l o t s .  As p e r c e n t a g e s  o f  t h e  mean 
y i e l d  t h e s e  a r e  1 1 .5 ^  1 3 .9  and 2 4 .4  r e s p e c t i v e l y ,  w i t h  
a  s t a n d a r d  e r r o r  o f  4 . 1
I n c r e m e n t s  f ro m  t h e  l im e  r e q u i r e m e n t  r a t e  and  
tw ic e  t h e  l im e  r e q u i r e m e n t  r a t e  o v e r  h a l f  t h e  l im e  r e ­
q u i r e m e n t  r a t e  a r e  t h u s  2 . 4  and 1 2 .9  p e r  c e n t ,  r e s p e c t ­
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i v e l y :  and t h e  in c r e m e n t  f ro m  t w i c e  t h e  l im e  r e q u i r e m e n t  
r a t e  o v e r  t h e  l im e  r e q u i r e m e n t  r a t e  i s  1 0 . 5  p e r  c e n t .
The r a t e s  t h e r e f o r e  w h ic h  g i v e  t h e  g r e a t e s t  
y i e l d s  f o r  t h e  am ount o f  l im e  a p p l i e d  a r e  h a l f  t h e  l im e  
r e q u i r e m e n t  and tw ic e  t h e  l im e  r e q u i r e m e n t .
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APPENDIX A.
THE “POINT QUADRAT*1 METHOD o f  PASTURE ANALYSIS
P a s t u r e  a n a l y s e s  h a v e  a lw ay s  p r e s e n t e d  d i f f i ­
c u l t i e s .  M ethods w h e re b y  a c t u a l  t u r f s  a r e  l i f t e d  and 
t h e  p l a n t s  c a r e f u l l y  s e p a r a t e d  a r e  so  l a b o r i o u s  as  t o  
r u l e  them  o u t  f o r  e x t e n s i v e  w o rk .  An ad v a n c e  was made 
b y  A rm stro n g  (52) i n  t h e  i n t r o d u c t i o n  o f  t h e  " P e r c e n t a g e  
A rea"  m e th o d .  I n  t h i s  a m esh  12 i n s .  b y  12  i n s .  s u b ­
d i v i d e d  i n t o  144  o r  100 e q u a l  s q u a r e s i s  u s e d .  The a r e a  
o c c u p ie d  by  e a c h  s p e c i e s  i s  e s t i m a t e d  b y  e y e  and c a l c u l ­
a t e d  a s  a p e r c e n t a g e  o f  th e  w h o le .  The o b j e c t i o n s  t o  
t h i s  m e th o d  a r e  i t s  s lo w n e s s  and t h e  am ount o f  r e l i a n c e  
w h ic h  h a s  t o  be p l a c e d  on t h e  p e r s o n a l  e l e m e n t .
As D a v ie s  (5 3 )  p o i n t s  o u t ,  t h e  P o i n t  Q u a d r a t  
m e th o d  i s  a m o d i f i c a t i o n  o f  t h e  P e r c e n t a g e  A rea  m e th o d  
and  h a s  b e e n  em p lo y ed  r e c e n t l y  by  L evy  (5 4 )  i n  New 
Z e a l a n d .  The a p p a r a t u s  c o n s i s t s  e s s e n t i a l l y  o f  a f ram e  
c a r r y i n g  t e n  p i n s  s e t  two i n c h e s  a p a r t  i n  a ro w , The 
f ra m e  w i t h  t h e  p i n s  p o i n t i n g  downwards i s  p l a c e d  o v e r  
t h e  h e r b a g e  so  t h a t  t h e  p i n  p o i n t s  t o u c h  i t .  The s p e c i e s  
to u c h e d  b y  e a c h  p o i n t  i s  n o t e d  and th e  p r o c e s s  i s  r e ­
p e a t e d  a c c o r d i n g  t o  t h e  num ber o f  r e a d i n g s  to  be m ade.
The p e r c e n t a g e  o f  e a c h  s p e c i e s  i s  t h e n  c a l c u l a t e d  f ro m
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t h e  num ber o f  t im e s  o u t  o f  t h e  p o s s i b l e  t h a t  i t  h a s  
b e e n  r e c o r d e d .
The a p p a r a t u s  may be r e g a r d e d  as  a l i n e a r  mesh 
b u t  h a s  t h e  a d v a n ta g e  o f  e a c h  p o i n t  b e in g  c l e a r l y  d e f i n e d  
so  t h a t  t h e r e  i s  t h e  p o s s i b i l i t y  o f  g r e a t e r  a c c u r a c y .
O nly  a b i l i t y  t o  r e c o g n i s e  t h e  s p e c i e s  i s  r e q u i r e d  o f  th e  
w o rk e r  and r e l i a n c e  on  ju d g m en t i s  l a r g e l y  e l i m i n a t e d .  
T h is  p e r m i t s  o f  r e a d i n g s  b e in g  t a k e n  much more r a p i d l y  
t h a n  i f  t h e  s q u a r e  m esh w ere  u s e d .
I n  t h e  few  c a s e s  w here  t h e  P o i n t  Q u a d r a t  
m eth o d  h a s  b e e n  em p lo y ed  p r e v i o u s l y ,  t h e  r e s u l t s  h a v e  
b e e n  e n t i r e l y  s a t i s f a c t o r y  and u n d e r  c r i t i c a l  e x a m in a ­
t i o n  (53 )  h a v e  a p p r o x im a te d  c l o s e l y  t o  t h o s e  f ro m  t h e  
P e r c e n t a g e  A rea  m e th o d ,  and t h a t  o f  c u t t i n g  and  w e ig h in g  
t h e  com ponent s p e c i e s .
P r i o r  to  t h e  i n v e s t i g a t i o n s ,  r e c o r d e d  e a r l i e r ,  
s u i t a b l e  a p p a r a t u s  was n o t  a v a i l a b l e  so h a d  t o  b e  c o n ­
s t r u c t e d .  So f a r  as  c o u ld  be g a t h e r e d ,  L e v y ! s a p p a r a ­
t u s  c o n s i s t e d  o f  a r i g i d  m e t a l  f ra m e  i n t o  w h ic h  th e  
p i n s  w ere  f i t t e d .  T h is  seem ed r a t h e r  cum brous so 
s e v e r a l  m o d i f i c a t i o n s  w ere  m ade.
DETAILS o f  APPARATUS
H o r i z o n t a l  w ooden b a r  2 2 ” x l i l* x  f-w d r i l l e d
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a t  2 M i n t e r v a l s  to  t a k e  p i n s .  B ar h i n g e d  a t  c e n t r e .
P o u r  m e ta l  lo o p s  a t  o p p o s i t e  s i d e  o f  b a r  f ro m  h i n g e ,  
w i t h  w ooden b o l t .
Two r i g h t  a n g le d  m e ta l  s t r a p s ,  arm l e n g t h s  
3*, w i d t h  ■fw. One arm o f  e a c h  s t r a p  b o l t e d  t o  e n d s  o f  
h o r i z o n t a l  b a r ,  o t h e r  arm p r o j e c t i n g  dow nw ards.
Two wooden u p r i g h t s  1 2 n x  x  ~kn d r i l l e d  a t  
f o u r  l f tt i n t e r v a l s  f ro m  t o p ,  t o  t a k e  b o l t s  and thumb 
s c r e w s .
Two c y l i n d r i c a l  m e t a l  s p i k e s  5 i w x  e a c h  
p r o j e c t i n g  2 f-fl f ro m  r e s p e c t i v e  f e e t  o f  u p r i g h t s .
Ten p i n s ,  8 f w l o n g .
To a s s e m b le  t h e  a p p a r a t u s  t h e  wooden b o l t  i s  
p u s h e d  t h r o u g h  th e  m e t a l  lo o p s  t h u s  k e e p in g  th e  h o r i z o n ­
t a l  b a r  r i g i d .  The u p r i g h t s  a r e  th e n  a t t a c h e d  t o  t h e  
h o r i z o n t a l  b a r  b y  b o l t i n g  them to  t h e  downward p r o j e c t ­
i n g  arm s o f  th e  a n g l e d  s t r a p s  and  t i g h t e n i n g  t h e  thum b 
sc re w s  -  two b o l t s  and  sc re w s  t o  e a c h  u p r i g h t .  The 
p i n s  a r e  n e x t  f o r c e d  th r o u g h  th e  h o l e s  i n  t h e  h o r i z o n t a l  
b a r  and  t h e  a p p a r a t u s  i s  r e a d y  f o r  u s e .  ( P h o to g r a p h  2 4 . )  
S in c e  t h e  u p r i g h t s  a r e  d r i l l e d  a t  f o u r  p l a c e s  and  c a r r y  
two b o l t s  t h e y  may be f i x e d  a t  any one  o f  t h r e e  p o s i t i o n s ,  
t h a t  i s ,  t h e  h o r i z o n t a l  b a r  may be r a i s e d  o r  l o w e r e d ,  
a s  r e q u i r e d ,  d e p e n d in g  o n  th e  a v e r a g e  h e i g h t  o f  t h e  
h e r b a g e . .
P h o to g ra p h  24 .
P o i n t  Q u a d r a t  
a p p a r a t u s  r e a d y  
f o r  u s e .
P h o t o g r a p h  2 5 .
P o i n t  Q u a d r a t  a p ­
p a r a t u s  d i s m a n t l e d  
and p a c k e d .
j
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To d i s m a n t l e ,  t h e  p i n s  a r e  w i th d ra w n ,  th e  u p  
r i g h t s  d e t a c h e d ,  t h e  wooden b o l t  w i th d ra w n  f ro m  two o f  
t h e  lo o p s  and t h e  h o r i z o n t a l  f o l d e d .  The com ponen t 
p a r t s  may th e n  b e  p a c k e d  t o g e t h e r  t o  o c c u p y  a c o m p a ra ­
t i v e l y  s m a l l  s p a c e .  ( P h o to g r a p h  2 5 . )
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APPENDIX B.
LATIN SQUARE EXPERIMENT 
COMPLETE SOIL DATA
DATA f ro m  PRELIMINARY SOIL SAMPLES.
SOIL SIJB-SOIL
P l o t pH L .R . PH L .R .
1 . 4 .9 0 0 . 2 0 2 5 .0 2 0 . 1 0 2
2 . 4 .5 0 0 .1 6 0 5 .4 0 0 .0 9 7
3* 4 .4 3 0 .2 2 6 4 .4 8 0 .1 6 5
4 . 5 .1 1 0 . 2 0 2 4 .7 2 0 .1 5 1
5 . 4 .4 6 0 . 2 2 2 4 .5 3 0 .1 2 7
6  • 5 .0 2 0 .2 1 6 4 .8 1 0 .1 2 7
7 . 4 .6 3 0 .1 8 4 5 .1 4 0 .1 5 7
8 . 4 .5 0 0 .2 5 9 4 .5 0 0 .1 6 8
9 . 5 .0 7 0 .2 0 5 4 .5 2 0 .1 3 6
1 0 . 4 .9 7 0 .2 1 7 4 .7 0 0 . 1 1 2
1 1 . 4 .7 7 0 .2 2 8 5 .0 5 0 .1 4 2
1 2 . 4 .2 9 0 .2 6 2 4 .9 0 0 .2 1 7
1 3 . 4 .4 3 0 .2 4 1 4 .6 0 0 .1 3 8
1 4 . 4 .6 4 0 .2 5 8 4 .5 2 0 .1 5 7
1 5 . 4 .7 0 0 .2 4 9 4 .6 0 0 .2 3 2
1 6 . 4 .3 6 0 .2 4 9 4 .3 9 0 .2 2 8
- 2 1 2 -
DATA f ro m  "BULK* SOIL SAMPLES
P l o t
SOIL SUB-SOIL
pH L .R . pH L .R .
1 . 4 .8 1 0 .2 7 4 4 .9 0 Q J .5 3
2 . 4 .9 1 0 .2 4 9 5 .6 3 0 .1 5 3
3* 5 .2 3 0 .2 7 7 5 .1 4 0 .1 5 2
4 . 5 .2 4 0 .2 7 0 5 .1 6 0 .1 9 5
5 . 5 .0 2 0 .2 5 2 5 .0 0 0 .1 5 0
6 . 4 .8 5 0 .2 5 5 5 .5 6 0 .1 5 0
7 . 4 .9 5 0 .2 5 5 5 .5 6 0 .1 5 0
8 . 4 .9 3 0 .2 5 5 5 .3 7 0 .1 8 0
9 . 4 .7 0 0 .2 8 7 5 .0 7 0 .1 4 9
1 0 . 4 .9 5 0 .2 4 8 4 .7 9 0 .1 5 0
1 1 . 4 .9 5 0 .2 9 0 5 .6 5 0 .2 1 3
1 2 . 5 .5 9 0 .2 7 8 5 .4 3 0 .2 1 9
1 3 . 4 .6 2 0 .2 6 3 5 .0 7 0 .1 9 2
1 4 . 4 .7 5 0 .2 7 6 5 .2 1 0 .1 8 0
1 5 . 4 .9 0 0 .2 8 5 5 .4 7 0 . 2 1 0
1 6 . 5 .3 1 0 .3 0 0 5 .4 7 0 .2 2 5
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